2. Energy

Energy-rel ated activities were the primary source of U.S. anthropogenic greenhouse gas emissions, accounting for 85
percent of tota emissons annually on a carbon equivalent basisin 1997. Thisincduded 99, 32, and 20 percent of the
nation’s carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O) emissions, respectively. Energy-related CO, emissons
aone condtituted 81 percent of national emissions from &l sources on a carbon equivaent basis, while the non-CO, emissons
from energy represented a much smdler portion of total nationa emissions (4 percent collectively).

Emissions from fossil fuel combustion comprise the vast mgjority of energy-related emissions, with CO, being the
primary gas emitted (see Figure 2-1). Dueto the relative importance of fossil fuel combustion-related CO, emissions, they
are considered separately from other emissions. Fossil fuel combustion also emits CH, and N,O, as well as criteria
pollutantssuch asnitrogen oxides (NO,), carbon monoxide (CO), and non-methanevol atile organic compounds (NMVOCs).
Fossil fuel combustion—from stationary and mobile sources—was the second largest source N,O emissionsin the United
States, and overall energy-related activities are the largest
sources of criteria pollutant emissions.

Energy-related activities other than fuel combustion,
such as the production, transmission, storage, and distribu-
tion of fossil fuels, also emit greenhouse gases. Theseemis-
sions consist primarily of CH, from natural gas systems,
petroleum systems, and coa mining. Smaller quantities of
CO,, CO, NMVOCs, and NO, are also emitted.

The combustion of biomass and biomass-based fuels

Figure 2-1
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also emitsgreenhouse gases. Carbon dioxide emissionsfrom
these activities, however, are not included in national emis-
sionstotasin the Energy chapter because biomassfuelsare

of biogenic origin. It is assumed that the carbon released
when biomass is consumed is recycled as U.S. forests and
Crops regenerate, causing no net addition of CO, to be added to the atmosphere. The net impacts of land-use and forestry
activities on the carbon cycle are accounted for in the Land-use change and Forestry chapter.

Overall, emissions from energy-related activities have increased from 1990 to 1997 due, in part, to the strong perfor-
mance of the U.S. economy. Over this period, the U.S. Gross Domestic Product (GDP) grew approximately 18 percent, or at
an average annual rate of 2.5 percent. Thisrobust economic activity increased the demand for fossi| fuels, with an associated
increasein greenhouse gas emissions. Table 2-1 summarizes emissonsfor the Energy chapter in units of million metric tons
of carbon equivalents (MMTCE), while unweighted gas emissions in teragrams (Tg) are provided in Table 2-2. Overall,
emissions due to energy-rdated activities were 1,549.2 MM TCE in 1997, an increase of 10 percent since 1990.
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Table 2-1: Emissions from Energy (MMTCE)

Gas/Source 1990 1991 1992 1993 1994 1995 1996 1997

Co, 1,329.4 1,315.2 1,334.9 1,364.1 1,387.5 1,402.2 1,452.0 1,470.1
Fossil Fuel Combustion 1,327.2 1,312.6 1,332.4 1,360.6 1,383.9 1,397.8 1,447.7 1,466.0
Natural Gas Flaring 2.3 2.6 2.6 3.5 3.6 4.5 4.3 4.2
International Bunker Fuels* 27.1 27.8 29.0 29.9 27.4 25.4 25.4 26.6
Biomass-Ethanol* 1.6 1.2 1.5 1.7 1.8 2.0 1.4 1.8
Biomass-Wood* 55.6 56.2 59.0 58.8 59.7 59.7 62.4 57.2
Non-Energy Use Carbon Stored* (68.9) (68.5) (70.3) (73.2) (78.1) (79.1) (80.7) (83.6)

CH, 62.2 61.4 61.3 58.6 58.2 58.9 58.1 57.4
Stationary Sources 2.3 2.4 2.4 2.4 2.4 2.5 2.5 2.2
Mobile Sources 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Coal Mining 24.0 22.8 22.0 19.2 19.4 20.3 18.9 18.8
Natural Gas Systems 32.9 33.3 33.9 34.1 33.5 33.2 33.7 33.5
Petroleum Systems 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.6
International Bunker Fuels* + + + + + + + +

N,O 17.4 18.0 19.0 19.9 20.7 20.9 21.6 21.7
Stationary Sources 3.8 3.8 3.9 3.9 4.0 4.0 4.1 4.1
Mobile Sources 13.6 14.2 15.2 15.9 16.7 17.0 17.4 17.5
International Bunker Fuels* 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2

Total 1,409.0 1,394.6 1,415.2 1,442.6 1,466.3 1,482.1 1,531.6 1,549.2

* These values are presented for informational purposes only and are not included or are already accounted for in totals.

Note: Totals may not sum due to independent rounding.

Table 2-2: Emissions from Energy (Tg)

Gas/Source 1990 1991 1992 1993 1994 1995 1996 1997
Co, 4,874.6 4,822.4 4,894.8 5,001.7 5,087.5 5,141.6 5,324.0 5,390.4
Fossil Fuel Combustion 4,866.2 4,812.8 4,885.4 4,988.7 5,074.4 51251 5,308.3 5,375.2
Natural Gas Flaring 8.4 9.6 9.4 13.0 13.1 16.4 15.7 15.2
Biomass-Ethanol* 5.7 4.5 5.5 6.1 6.7 7.2 5.1 6.7
Biomass-Wood* 203.8 2059 216.5 2154 219.0 219.1 228.8 209.8
International Bunker Fuels* 99.3 1019 106.4 109.6 100.4 93.3 93.0 97.5
Non-Energy Use Carbon Stored* (252.7) (251.2) (257.8) (268.5) (286.5) (289.9) (295.9) (306.6)
CH, 10.9 10.7 10.7 10.2 10.2 10.3 10.1 10.0
Stationary Sources 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Mobile Sources 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Coal Mining 4.2 4.0 3.8 3.4 3.4 3.6 3.3 3.3
Natural Gas Systems 5.7 5.8 5.9 5.9 5.8 5.8 5.9 5.8
Petroleum Systems 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
International Bunker Fuels* + + + + + + + +
N,O 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3
Stationary Sources + + + + + + + +
Mobile Sources 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
International Bunker Fuels* + + + + + + + +

+ Does not exceed 0.05 Tg
* These values are presented for informational purposes only and are not included or are already accounted for in totals.

Note: Totals may not sum due to independent rounding.
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Carbon Dioxide Emissions
from Fossil Fuel Combustion

In 1997, the majority of energy consumed in the
United States, 85 percent, was produced through the com-
bustion of fossil fuels such as coal, natura gas, and petro-
leum (see Figure 2-2 and Figure 2-3). Of the remaining, 7
percent was supplied by nuclear electric power and 8 per-
cent by renewable energy technologies (EIA 1998a).

As fossil fuels are combusted, the carbon stored in
the fuels is emitted as CO, and smaller amounts of other
gases, including methane (CH,), carbon monoxide (CO),
and non-methane volatile organic compounds (NMVOCs).
These other gases are emitted as a by-product of incom-
plete fuel combustion. The amount of carbon in fuels var-
ies significantly by fuel type. For example, coa contains

Figure 2-2
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the highest amount of carbon per unit of useful energy.
Petroleum has roughly 75 percent of the carbon per unit of
energy as coal, and natural gas has only about 55 percent.!
Petroleum supplied the largest share of U.S. energy de-
mands, accounting for an average of 39 percent of total
energy consumption over the period of 1990 through 1997.
Natural gas and coa followed in order of importance, ac-
counting for an average of 24 and 22 percent of total con-
sumption, respectively. Most petroleum was consumed in
the transportation sector, while the vast mgjority of coal
was used by dectric utilities, with natural gas consumed
largely in the industrial and residential sectors (see Figure
2-4)(EIA 19983).

Emissions of CO, from fossil fuel combustion in-
creased at an average annual rate of 1.4 percent from
1990 to 1997. The major factor behind this trend was a
robust domestic economy, combined with relatively low
energy prices. For example, petroleum prices have
changed little in real terms since the 1970s, with coal
prices actually having declined by more than 60 percent
in real terms compared to the 1975 price (EIA 1998a)
(see Figure 2-5). After 1990, when CO, emissions from
fossil fuel combustion were 1,327.2 MMTCE (4,866.2
Tg), there was aslight decline of emissionsin 1991 due
to a national economic downturn, followed by an in-
crease to 1,466.0 MMTCE (5,375.2 Tg) in 1997 (see
Figure 2-5: Fossil Fuel Production Prices and Table 2-3
and Table 2-4). Overal, CO, emissions from fossil fuel
combustion increased by 10.5 percent over the eight year
period and rose by 1.3 percent in the final year.

Figure 2-4

1997 CO, Emissions from Fossil Fuel

Combustion by Sector and Fuel Type

5004 g Natural Gas

Petrol
400 2LEm

W Caoal
---

ﬁﬁﬁy

W 300

EZ[“]‘

1004

1 Based on national aggregate carbon content of all coal, natural gas, and petroleum fuels combusted in the United States.
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Figure 2-5
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Table 2-3: CO, Emissions from Fossil Fuel Combustion by Fuel Type and Sector (MMTCE)

Fuel/Sector 1990 1991 1992 1993 1994 1995 1996 1997
Coal 481.6 4759  478.3 4947  496.7 498.8 521.1 533.3
Residential 1.6 1.4 1.5 1.5 1.4 1.4 1.4 1.4
Commercial 2.4 2.2 2.2 2.2 2.1 2.1 2.1 2.1
Industrial 68.5 64.8 62.6 62.2 62.7 62.1 59.9 58.5
Transportation + + + + + + + +

Electric Utilities 409.0 407.2 411.8 428.7 430.2 433.0 4575 470.9
U.S. Territories 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3
Natural Gas 2735 278.4 2865 297.0 3019 3145 319.3 3194
Residential 65.1 67.5 69.4 73.4 71.8 71.7 77.5 74.1
Commercial 38.8 40.4 41.5 43.1 42.9 44.8 46.7 48.6
Industrial 118.6 1205 126.1  131.7 133.1 1404 1443 1425
Transportation 9.8 8.9 8.8 9.3 10.2 10.4 10.6 10.5
Electric Utilities 41.2 41.1 40.7 39.5 44.0 47.2 40.3 43.8
U.S. Territories - - - - - - - -

Petroleum 572.0 558.3 567.5 568.8 585.2 5844 607.2 613.3
Residential 2349 24.4 24.8 26.2 2588 25.7 27.2 27.7
Commercial 18.0 17.1 16.1 14.9 14.9 15.0 14.6 14.4
Industrial 100.0 94.3 104.3 98.0 102.0 98.2 103.9 106.0
Transportation 3945 387.0 3929 396.9 411.2 419.7 4341 4353
Electric Utilities 26.6 25.1 19.9 22.5 20.6 14.0 15.4 17.6
U.S. Territories 8.9 10.4 g5 10.3 11.1 11.8 12.0 12.4
Geothermal* 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
Total 1,327.2 1,312.6 1,332.4 1,360.6 1,383.9 1,397.8 1,447.7 1,466.0

- Not applicable

+ Does not exceed 0.05 MMTCE

* Although not technically a fossil fuel, geothermal energy-related CO, emissions are included for reporting purposes.
Note: Totals may not sum due to independent rounding.
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Table 2-4: CO, Emissions from Fossil Fuel Combustion by Fuel Type and Sector (Tg)

Fuel/Sector 1990 1991 1992 1993 1994 1995 1996 1997
Coal 1,765.9 1,7448 1,753.8 1,814.0 1,821.3 1,828.9 1,910.9 1,955.3
Residential 5.8 5.4 5.3 5.2 5.1 5.2 5.2
Commercial 8.7 8.1 8.1 7.9 7.6 7.8 7.8
Industrial 251.0 237.6 2295 228.0 229.9 227.7 2195 214.6
Transportation + + + + + + +

Electric Utilities 1,499.7 1,493.2 1,510.0 1,571.7 1,577.4 1,587.5 1,677.4 1,726.7
U.S. Territories 0.6 0.8 0.9 0.9 0.9 1.0 1.0
Natural Gas 1,002.9 1,020.8 1,050.5 1,088.8 1,107.1 1,153.3 1,170.8 1,171.1
Residential 2385 247.3 2545 269.1 263.3 263.0 284.2 271.6
Commercial 142.4  148.2 152.3 158.2 157.4 1643 171.2 178.1
Industrial 4349 4418 462.3 482.8 488.0 5149 529.0 522.3
Transportation 36.0 32.8 32.1 33.9 37.2 38.1 38.7 38.6
Electric Utilities 151.1  150.6 149.3 1449 161.2 173.0 147.7 1605
U.S. Territories - - - - - - - -

Petroleum 2,097.2 2,047.0 2,080.9 2,085.6 2,145.8 2,142.8 2,226.4 2,248.6
Residential 87.7 89.4 90.9 96.1 92.8 94.4 99.7 101.5
Commercial 66.1 62.6 59.1 54.7 54.7 54.9 53.6 52.7
Industrial 366.6 3457 382.3 3595 374.2 360.1 381.1 388.,5
Transportation 1,446.4 1,419.2 1,440.7 1,455.2 1,507.9 1,538.9 1,591.8 1,595.9
Electric Utilities 97.6 91.9 73.1 82.5 75.6 51.3 56.5 64.6
U.S. Territories 32.7 38.2 34.8 37.7 40.6 43.2 43.9 45.3
Geothermal* 0.2 0.2 0.2 0.2 0.1 0.1 0.1
Total 4,866.2 4,812.8 4,885.4 4,988.7 5,074.4 5,125.1 5,308.3 5,375.2

- Not applicable
+ Does not exceed 0.05 Tg

* Although not technically a fossil fuel, geothermal energy-related CO, emissions are included for reporting purposes.

Note: Totals may not sum due to independent rounding.

Since 1990, consumption of all fossil fuels in-
creased, with about 37 percent of the change in CO,
emissionsfrom fossil fuel combustion coming from coal,
33 percent from natural gas, and 30 percent from petro-
leum. From 1996 to 1997, absol ute emissions from coal
grew the most (an increase of 12.1 MMTCE or 2.3 per-
cent), while emissionsfrom natural gas changed the least
(an increase of 0.1 MMTCE or less than 0.1 percent).
During the same time period, emissions from electric
utility petroleum and natural gas combustion increased
the most on a percentage basis by 14.4 and 8.7 percent,
respectively. See Box 2-1 for additional discussion on
overall emission trends.

In 1997, combustion of fossil fuels by eectric utili-
tiesincreased, in part, to offset the temporary shutdown of
several nuclear power plants and two plant closings. As a
result, in 1997 the U.S. coal industry produced the largest
amount of coal ever and electric utilities consumed record
quantities. Electric utilities increased consumption by 2.8
percent from 1996 levels. The aggregate consumption of
coal in sectors other than electric utilities actually declined

by 2.6 percent (EIA 1998f) during this period. The net in-
crease in coa consumption by all sectors was responsible
for 66 percent of the total increasein CO, emissions from
fossil fuel combustion.

Continued low prices encouraged the consump-
tion of petroleum products in 1997, which increased by
1.3 percent from the previous year. This rise in petro-
leum use accounted for 33 percent of the increase in
CO, emissions from fossil fuel combustion.

From 1996 to 1997, emissions from natural gas
held steady. Consumption decreasesin theindustrial and
residential sectorsoffset increasesin the commercial and
electric utility sectors.

Fossil fuelsalso have applications other than com-
bustion for energy. For example, some petroleum prod-
ucts can be used for manufacturing plastics, asphalt, or
lubricants. A portion of the carbon consumed for these
non-energy uses is sequestered for long periods of time.
In addition, as required by the IPCC (IPCC/UNEP/
OECD/IEA 1997) CO, emissions from the consumption
of fossil fuelsfor aviation and marineinternational trans-
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port activities (i.e., bunker fuels) are reported separately,
and not included in national emission totals. Both esti-
mates for non-energy use carbon stored and international
bunker fuel emissionsfor the United States are provided
in Table 2-5 and Table 2-6.

End-Use Sector Contributions

When analyzing CO, emissionsfromfossil fuel com-
bustion, four end-use sectors can be identified: industrial,
transportation, residential, and commercial. Electric utili-
tiesalso emit CO,; however, these emissions occur as they
combust fossil fuelsto provide eectricity to one of thefour
end-use sectors. For the discussion below, electric utility
emissions have been distributed to each end-use sector
based upon their share of national electricity consumption.
Emissions from electric utilities are addressed separately
after the end-use sectors have been discussed. Emissions
from U.S. territories are also cal culated separately dueto a
lack of end-use-specific consumption data. Table 2-7 and
Figure 2-6 summarize CO, emissionsfromfossil fuel com-
bustion by end-use sector.

Industrial End-Use Sector

The industrial end-use sector accounted for ap-
proximately one-third of CO, emissionsfrom fossil fuel
combustion. On average, nearly 64 percent of theseemis-
sions resulted from the direct consumption of fossil fu-
els in order to meet industrial demand for steam and
process heat. The remaining 36 percent resulted from

Figure 2-6
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Table 2-5: Non-Energy Use Carbon Stored and CO, Emissions from

International Bunker Fuel Combustion (MMTCE)

Category/Sector 1990 1991 1992 1993 1994 1995 1996 1997
Non-Energy Use Carbon Stored 68.9 68.5 70.3 73.2 78.1 79.1 80.7 83.6
Industrial 67.0 66.7 68.6 71.4 76.3 77.2 78.8 81.7
Transportation 1.8 1.6 1.6 1.7 1.7 1.7 1.6 1.7
Territories 0.2 0.2 0.1 0.2 0.1 0.1 0.2 0.2
International Bunker Fuels* 27.1 27.8 29.0 29.9 27.4 25.4 25.4 26.6
Aviation* 10.5 10.5 11.0 11.2 11.6 12.4 12.8 13.9
Marine* 16.6 17.3 18.0 18.7 15.8 13.0 12.6 12.7

* Excludes military international bunkers fuels. See International Bunker Fuels for additional detail.

Note: Totals may not sum due to independent rounding.

Table 2-6: Non-Energy Use Carbon Stored and CO, Emissions from
International Bunker Fuel Combustion (Tg)

Category/Sector 1990 1991 1992 1993 1994 1995 1996 1997
Non-Energy Use Carbon Stored 252.7 251.2 257.8 2685 286.5 289.9 2959 306.6
Industrial 245.6 2445 2514 261.8 279.6 283.2 289.0 2994
Transportation 6.5 5.8 6.0 6.1 6.3 6.2 6.0 6.4
Territories 0.6 0.9 0.4 0.6 0.5 0.5 0.8 0.9
International Bunker Fuels* 99.3 1019 1064 109.6 100.4 9383 93.0 97.5
Aviation* 38.4 38.4 40.4 41.1 42.5 45.5 47.0 51.0
Marine* 60.8 63.5 66.0 68.5 57.9 47.8 46.0 46.6

* Excludes military international bunkers fuels. See International Bunker Fuels for additional detail.

Note: Totals may not sum due to independent rounding.
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Table 2-7: CO, Emissions from Fossil Fuel Combustion by End-Use Sector (MMTCE)*

End-Use Sector 1990 1991 1992 1993 1994 1995 1996 1997
Residential 253.0 257.1 255.7 2716 268.6 269.8 2854 286.1
Commercial 206.8 206.4 205.3 2121 2141 2184 2259 237.1
Industrial 453.3 441.8 459.3 4595  467.8 466.8 478.8  483.7
Transportation 405.0 396.7 402.4 406.8 422.1  430.7 4453  446.5
U.S. Territories 9.1 10.6 9.7 10.5 11.3 12.0 12.2 12.6
Total 1,327.2 1,312.6 1,332.4 1,360.6 1,383.9 1,397.8 1,447.7 1,466.0

* Emissions from fossil fuel combustion by electric utilities are allocated based on electricity consumption by each end-use sector.

Note: Totals may not sum due to independent rounding.

the consumption of electricity for uses such as motors,
electric furnaces, ovens, and lighting. Although indus-
try accounted for the largest share of end-use sector emis-
sions, from 1990 to 1997 its emissions grew the least in
percentage terms (7 percent). During the same period,
coal consumption by industry declined by 15 percent,
while natural gas and petroleum consumption increased
by 20 and 6 percent, respectively.

The industrial end-use sector was also the largest
user of fossil fuels for non-energy applications. Fossil
fuels can be used for producing products such as fertil-
izers, plastics, asphalt, or lubricants, that sequester or
store carbon for long periods of time. Asphalt used in
road construction, for example, stores carbon essentially
indefinitely. Similarly, fossil fuels used in the manufac-
ture of materials like plastics can also store carbon, if
the material is not burned. Carbon stored by industrial
non-energy uses of fossil fuels rose 22 percent between
1990 and 1997, to 81.7 MMTCE (306.6 Tg CO,).

Transportation End-Use Sector
Transportation was second to the industrial end-

use sector in terms of U.S. CO, emissions from fossil
fuel combustion emissions, accounting for slightly over
30 percent—excluding international bunker fuels. Al-
most all of the energy consumed in this end-use sector
came from petroleum-based products, with nearly two-
thirds due to gasoline consumption in automobiles and
other highway vehicles. Other uses, including diesel fuel
for the trucking industry and jet fuel for aircraft, ac-
counted for the remainder.

Following the overall trend in U.S. energy con-
sumption, fossil fuel combustion for transportation grew
steadily after declining in 1991, resulting in a 10 per-

cent increase in CO, emissions to 446.5 MMTCE
(1,637.1 Tg) in 1997. This increase was primarily the
result of greater motor gasoline, distillate fuel oil (e.g.,
diesel), and jet fuel consumption. It was slightly offset
by decreases in the consumption of aviation gasoline,
LPG, lubricants, and residual fuel. Overall, motor ve-
hiclefuel efficiency stabilized inthe 1990s after increas-
ing steadily since 1977 (EIA 1998a). Thistrend was due,
in part, to a decline in gasoline prices and new motor
vehicle sales being increasingly dominated by less fuel-
efficient light-duty trucks and sport-utility vehicles (see
Figure 2-7 and Figure 2-8). Moreover, declining petro-
leum prices during these years—with the exception of
1996—combined with a stronger economy, were largely
responsible for an overall increase in vehicle milestrav-
eled by on-road vehicles ().

Table 2-8 below provides a detailed breakdown of
CO, emissions by fuel category and vehicle type for the
transportation end-use sector. On average 60 percent of
the emissions from this end-use sector were the result

Figure 2-7
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Figure 2-8
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of the combustion of motor gasoline in passenger cars
and light-duty trucks. Diesel highway vehicles and jet
aircraft were al so significant contributors, each account-
ing for, on average, 13 percent of CO, emissions from
the transportation end-use sector. It should be noted that
the U.S. Department of Transportation’s Federal High-
way Administration altered its definition of light-duty
trucks in 1995 to include sport-utility vehicles and
minivans; previously these vehicles were included un-
der the passenger cars category. As a consequence of
this reclassification, a discontinuity exists in the time
series in Table 2-8 for both passenger cars and light-
duty trucks.2 In future editions of this report a consis-
tent classification scheme across the entire time series
will be applied by incorporating adjustments in the al-
location of fuel consumption for the period 1990 to 1995
to eliminate this discontinuity.

Theannual increase in CO, emissions from motor
gasoline in 1997 is based on fuel sales data from the
U.S. Energy Information Administration; it is expected
to be revised upward with the publication of future en-
ergy statistics. Carbon stored in lubricants used for trans-
portation activitieswere 1.7 MMTCE (6.4 Tg) in 1997.

Residential and Commercial End-Use Sectors

From 1990 to 1997, the residential and commercial
end-use sectors, on average, accounted for 19 and 16 per-
cent, respectively, of CO, emissions from fossil fuel com-
bustion. Both the residential and commercia end-use sec-

tors were heavily reliant on electricity for meeting energy
needs, with about two-thirds of their emissions attribut-
able to electricity consumption for lighting, heating, cool-
ing, and operating appliances. The remaining emissions
were largely due to the direct consumption of natura gas
and petroleum products, primarily for heating and cooking
needs. Unlike in other major end-use sectors, emissions
from residences did not decline in 1991, but instead de-
creased in 1992 and 1994, then grew steadily through 1997
(seeFigure 2-9). Thisdifferencein overall trendscompared
to other end-use sectors is because energy consumption in
residencesis affected proportionately more by the weather
than by prevailing economic conditions. The commercial
end-use sector, howevey, is primarily dependent on elec-
tricity for lighting and is affected more by the number of
commercia consumers. Coal consumption was a small
component of energy use in both the residential and com-
mercia sectors.

Figure 2-9
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Electric Utilities

The United States relied on electricity to meet a
significant portion of its energy requirements. Electric-
ity was consumed primarily in the residential, commer-
cial, and industrial end-use sectorsfor uses such aslight-
ing, heating, electric motors, and air conditioning (see
Figure 2-10). To generate this electricity, utilities con-
sumed 28 percent of national fossil fuels on an energy
content basis and were collectively the largest produc-
ers of CO, emissions from fossil fuel combustion, ac-
counting for 36 percent in 1997. Electric utilities were
responsible for a larger share of these CO, emissions

2 See Box 1-2 in the Introduction chapter for a discussion on emissions of all greenhouse gases from transportation related activities.

3 Degree days are rel ative measurements of outdoor air temperature. Heating degree days are deviations of the mean daily temperature below 65°
F. Excludes Alaska and Hawaii. Normals are based on data from 1961 through 1990.
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Table 2-8: CO, Emissions from Fossil Fuel Combustion in Transportation End-Use Sector (MMTCE)

Fuel/Vehicle Type 1990 1991 1992 1993 1994 1995 1996 1997
Motor Gasoline 260.9 259.5 2634 269.3 273.7 2799 2852 288.3
Passenger Cars* 167.3 1659 170.0 1715 1705 173.5 158.7 160.4
Light-Duty Trucks* 74.9 74.7 74.6 77.8 84.2 85.9 106.1 107.2
Other Trucks 11.3 11.2 11.2 11.7 10.4 10.9 11.1 11.3
Motorcycles 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.5
Buses 0.6 0.6 0.6 0.7 0.9 0.8 0.6 0.6
Construction Equipment 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7
Agricultural Machinery 1.2 1.2 1.2 2.0 2.1 2.2 2.1 2.2
Boats (Recreational) 4.6 4.8 4.7 4.6 4.5 5.8 5.4 5.5
Distillate Fuel Oil (Diesel) 75.7 72.6 7.3 77.3 82.5 83.8 89.8 91.6
Passenger Cars* 2.0 1.9 2.0 2.1 2.0 2.1 2.1 2.1
Light-Duty Trucks* 2.5 2.4 2.5 2.6 2.8 3.0 3.6 3.7
Other Trucks 45.8 43.7 45.2 48.0 52.0 53.0 57.0 58.1
Buses 2.2 2.2 2.3 2.3 2.4 2.7 2.4 2.4
Construction Equipment 2.9 2.9 2.9 2.9 2.9 2.8 3.0 3.0
Agricultural Machinery 6.5 6.3 6.4 6.4 6.4 6.2 6.6 6.7
Boats (Freight) 5.0 4.8 5.1 4.7 4.6 4.4 5.1 5.2
Locomotives 7.3 6.8 7.3 6.6 7.9 8.0 8.7 8.8
Marine Bunkers 1.4 1.6 1.6 1.6 1.5 1.7 1.4 1.6
Jet Fuel 60.1 58.1 57.6 58.1 60.4 60.0 62.7 63.3
General Aviation 1.7 1.5 1.3 1.3 1.2 1.4 1.5 1.5
Commercial Air Carriers 32.0 29.6 30.5 30.9 32.0 32.8 33.9 33.9
Military Vehicles 16.0 16.5 14.8 14.6 15.6 13.4 14.5 14.0
Aviation Bunkers 10.5 10.5 11.0 11.2 11.6 12.4 12.8 13.9
Aviation Gasoline 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7
General Aviation 0.8 0.8 0.8 0.7 0.7 0.7 0.7 0.7
Residual Fuel Oil 21.9 22.0 23.0 19.4 19.1 18.5 19.2 15.9
Boats (Freight) 6.8 6.3 6.7 2.4 4.8 7.1 8.0 4.8
Marine Bunkers 15.2 15.7 16.4 17.1 14.3 11.4 11.2 11.1
Natural Gas 9.8 8.9 8.8 9.3 10.2 10.4 10.6 10.5
Passenger Cars* + + + + + + + +

Light-Duty Trucks* + + + + + + + +

Buses + + + + + + + +

Pipeline 9.8 8.9 8.8 9.2 10.1 10.4 10.5 10.5
LPG 0.4 0.3 0.3 0.3 0.5 0.5 0.3 0.3
Light-Duty Trucks* 0.1 0.1 0.1 0.1 0.2 0.3 0.1 0.1
Other Trucks 0.2 0.2 0.2 0.2 0.3 0.3 0.1 0.2
Buses + + + + + + + +

Electricity 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Buses + + + + + + + +

Locomotives 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Pipeline 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Lubricants 1.8 1.6 1.6 1.6 1.7 1.7 1.6 1.7
Total (including bunkers) 432.1 4245 4314  436.7 449.4  456.2 470.7 473.1

Note: Totals may not sum due to independent rounding. Estimates include emissions from the combustion of both aviation and marine
international bunker fuels in civilian vehicles only. Military international bunker fuels are not estimated separately.

+ Does not exceed 0.05 MMTCE

*In 1996, the U.S. Federal Highway Administration modified the definition of light-duty trucks to include minivans and sport utility vehicles.
Previously, these vehicles were included under the passenger cars category. Hence the sharp drop in emissions for passenger cars from 1995
to 1996 occurred. This gap, however, was offset by an equivalent rise in emissions from light-duty trucks.
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Figure 2-10
Electric Utility Retail Sales by End-Use Sector
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mainly because they rely on more carbon intensive coal
for amajority of their primary energy. Some of the elec-
tricity consumed in the United States was generated us-
ing low or zero CO, emitting technologies such as hy-
droelectric or nuclear energy; however, in 1997 the com-
bustion of coal was the source of 57 percent of the elec-
tricity consumed in the United States (EIA 1998b).

Electric utilities were the dominant consumer of
coal in the United States, accounting for 87 percent in
1997. Conseguently, changesin electricity demand have
a significant impact on coal consumption and associ-
ated CO, emissions. In fact, electric utilities consumed
record amounts of coal (922 million short tons) in 1997.
Overall, emissions from coal burned at electric utilities
increased by 15 percent from 1990 to 1997. Thisincrease
in coal-related emissionsfrom electric utilitieswasalone
responsiblefor 45 percent of the overall risein CO, emis-
sions from fossil fuel combustion.

In addition to the increase in consumption of coal
by electric utilities, consumption of both natural gasand
petroleum rose by 9 and 14 percent in 1997,respectively
(EIA 1998e). Electric utility natural gas use increased
significantly in 1994 and 1995, as prices and supply sta-
bilized following a series of cold winters and a period
of industry restructuring. However, in 1996 gas prices
paid by electric utilities increased by a dramatic 33 per-
cent (EIA 1997a), making gas-based electricity genera-
tion less economical. Consequently, natural gas con-
sumption by electric utilities declined by 15 percent in
1996. The rebound in 1997 regained half of the previous
year'sdecline. Thisincreased gas consumption occurred
mostly in California, where hydroelectric and nuclear
generation each fell by 10 percent, and in New York,
where nuclear generation fell by 16 percent. Over the
1990 to 1997 period, emissions from natural gas burned
at electric utilities rose by 6 percent. Fuel oil was the
most expensive fossil fuel delivered to electric utilities
in 1997, 62 percent more costly than natural gas on an
energy content basis. Consequently, petroleum consti-
tuted a small portion of electric utility fossil fuel con-
sumption (4 percent in 1997) and occurred mostly in
the eastern United States.

In 1997, consumption of al fossil fuels for pro-
ducing electricity increased to accommodate the tem-
porary shut-down of several nuclear power plants across
the country and two plant closings. Total nuclear power
plantselectricity generationfell off by 7 percent account-
ing for 1.5 percent of total national generation (45.3 bil-
lion kilowatt hours) (EIA 1998b).
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Box 2-1: Sectoral Carbon Intensity Trends Related to Fossil Fuel and Overall Energy Consumption

Fossil fuels are the predominant source of energy in the United States, and carbon dioxide (CO,) is emitted as a product from their
complete combustion. Useful energy, however, can be generated from many other sources that do not emit CO, in the energy
conversion process.* In the United States, useful energy is also produced from renewable (i.e., hydropower, biofuels, geothermal,
solar, and wind) and nuclear sources.

Energy-related CO, emissions can be reduced by not only reducing total energy consumption (e.g., through conservation mea-
sures) but also by lowering the carbon intensity of the energy sources employed (i.e., fuel switching from coal to natural gas). The
amount of carbon emitted—in the form of CO,—from the combustion of fossil fuels is dependent upon the carbon content of the
fuel and the fraction of that carbon that is oxidized. Fossil fuels vary in their carbon content, ranging from 13.7 MMTCE/EJ for
natural gas to 26.4 MMTCE/EJ for coal and petroleum coke.? In general, the carbon intensity of fossil fuels is the highest for coal
products, followed by petroleum and then natural gas. Other sources of energy, however, may be directly or indirectly carbon
neutral (i.e., 0 MMTCE/EJ). Energy generated from nuclear and many renewable sources do not result in direct emissions of CO,.
Biofuels such as wood and ethanol are also considered to be carbon neutral, as the CO, emitted during combustion is assumed to
be offset by the carbon sequestered in the growth of new biomass.® The overall carbon intensity of the U.S. economy is then
dependent upon the combination of fuels and other energy sources employed to meet demand.

Table 2-9 provides a time series of the carbon intensity for each sector of the U.S. economy. The time series incorporates only the
energy consumed from the direct combustion of fossil fuels in each sector. For example, the carbon intensity for the residential
sector does not include the energy from or emissions related to the consumption of electricity for lighting or wood for heat. Looking
only at this direct consumption of fossil fuels, the residential sector exhibited the lowest carbon intensity, which was related to the
large percentage of energy derived from natural gas for heating. The carbon intensity of the commercial sector was greater than the
residential sector for the period from 1990 to 1996, but then declined to an equivalent level as commercial businesses shifted away
from petroleum to natural gas. The industrial sector was more dependent on petroleum and coal than either the residential or
commercial sectors, and thus had a higher carbon intensity over this period. The carbon intensity of the transportation sector was
closely related to the carbon content of petroleum products (e.g., motor gasoline and jet fuel), which were the primary sources of
energy. Lastly, the electric utility sector had the highest carbon intensity due to its heavy reliance on coal for generating electricity.

Table 2-9: Carbon Intensity from Direct Fossil Fuel Combustion by Sector (MMTCE/EJ)

Sector 1990 1991 1992 1993 1994 1995 1996 1997
Residential® 14.7 14.7 14.6 14.6 14.6 14.6 14.6 14.7
Commercial® 15.2 15.1 15.0 14.9 14.9 14.8 14.8 14.7
Industrial® 16.6 16.5 16.5 16.4 16.4 16.3 16.3 16.3
Transportation? 18.1 18.1 18.1 18.1 18.1 18.1 18.1 18.1
Electric Utilities® 22.4 22.4 22.4 22.5 22.4 22.4 22.6 22.6
All Sectors® 18.6 18.6 18.6 18.6 18.6 18.5 18.5 18.6

2@ Does not include electricity or renewable energy consumption.

b Does not include electricity produced using nuclear or renewable energy.

¢ Does not include nuclear or renewable energy consumption.

Note: Excludes non-energy fuel use emissions and consumption. Exajoule (EJ) = 10'8 joules = 0.9479 QBtu.

4 CO, emissions, however, may be generated from upstream activities (e.g., manufacture of the technologies).
5 One exajoule (EJ) is equal to 10 joules or 0.9478 QBtu.
6 This statement assumes that there is no net loss of biomass-based carbon due to biofuel consumption.
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In contrast to Table 2-9, Table 2-10 presents carbon intensity values that incorporate energy consumed from all sources (i.e., fossil
fuels, renewables, and nuclear). In addition, the emissions related to the generation of electricity have been attributed to both
electric utilities and the sector in which that electricity was eventually consumed.” This table, therefore, provides a more complete
picture of the actual carbon intensity of each sector per unit of energy consumed. Both the residential and commercial sectors
obtain a large portion of their energy from electricity. The residential sector, however, also uses significant quantities of biofuels
such as wood, thereby lowering its carbon intensity. The industrial sector uses biofuels in even greater quantities than the residen-
tial sector. The carbon intensity of electric utilities differs greatly from the scenario in Table 2-9 where only the energy consumed
from the direct combustion of fossil fuels was included. This difference is due almost entirely to the inclusion of electricity genera-
tion from nuclear and hydropower sources, which do not emit carbon dioxide. Also in contrast with the previous scenario in Table
2-9, the transportation sector in Table 2-10 emerges as the most carbon intensive when all sources of energy are included, due to
its almost complete reliance on petroleum products and relatively minor amount of biomass based fuels such as ethanol.

Table 2-10: Carbon Intensity from Energy Consumption by Sector (MMTCE/EJ)

Sector 1990 1991 1992 1993 1994 1995 1996 1997
Residential? 14.5 14.3 14.4 14.5 14.5 14.2 14.3 14.7
Commercial® 15.2 15.0 15.1 15.2 15.1 14.8 14.9 15.1
Industrial® 14.8 14.6 14.6 14.6 14.6 14.4 14.4 14.5
Transportation? 18.0 18.1 18.1 18.0 18.0 18.0 18.0 18.0
Electric Utilities® 15.3 15.0 15.2 15.3 15.2 14.8 15.0 15.3
All Sectors® 15.8 15.6 15.7 15.7 15.7 5.3 5.3 15.7

@ Includes electricity (from fossil fuel, nuclear, and renewable sources) and direct renewable energy consumption.

b Includes electricity generation from nuclear and renewable sources.

¢ Includes nuclear and renewable energy consumption.

Note: Excludes non-energy fuel use emissions and consumption. Assumed that residential consumed all of the biofuel-based energy and 50
percent of the solar energy in the combined EIA residential/commercial sector category. Exajoule (EJ) = 108 joules = 0.9479 QBtu.

By comparing the values in Table 2-9 and Table 2-10, there

are a couple of observations that can be made. The usage Figure 2-11

of renewable and nuclear energy sources have resulted in a Change in CO, Emissions from Fossil Fuel
significantly lower carbon intensity of the U.S. economy, Combustion Since 1990 by End-Use Sector
especially for the industrial and electric utility sectors. How- 100-

ever, over the eight year period of 1990 through 1997, the Fl %
carbon intensity of U.S. fossil fuel consumption has been & 80l Fossil Fuels

fairly constant, and changes in the usage of renewable and -5" M
nuclear energy technologies have not altered this trend. £ 604

Figure 2-11 and Table 2-11 present the detailed CO, emis- E

sion trends underlying the carbon intensity differences and § 401

changes described in Table 2-9. In Figure 2-11 changes in %

both overall end-use-related emissions and electricity-re- o 204 Renewable & Nuclear

lated emissions for each year since 1990 are highlighted. In w -

Table 2-11 values are normalized in the year 1990 to one- 1990 1991 1997 1993 1994 1995 1996 1997
hundred (100), thereby highlighting changes over time.

7 In other words, the emissions from the generation of electricity are intentionally double counted by attributing them both to utilities and the
sector in which electricity consumption occurred.
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Table 2-11: CO, Emissions from Fossil Fuel Combustion (Index 1990 = 100)

Sector/Fuel Type 1990 1991 1992 1993 1994 1995 1996 1997 % of ‘97
Residential 100 103 106 112 109 109 117 114 7.0%
Coal 100 91 92 92 90 87 89 89 0.1%
Natural Gas 100 104 107 113 110 110 119 114 5.1%
Petroleum 100 102 104 110 106 108 114 116 1.9%
Commercial 100 101 101 102 101 104 107 110 4.4%
Coal 100 91 93 92 90 87 89 89 0.1%
Natural Gas 100 104 107 111 110 115 120 125 3.3%
Petroleum 100 95 89 83 83 83 81 80 1.0%
Industrial 100 97 102 102 104 105 107 107 20.9%
Coal 100 95 91 91 92 91 87 85 4.0%
Natural Gas 100 102 106 111 112 118 122 120 9.7%
Petroleum 100 94 104 98 102 98 104 106 7.2%
Transportation 100 98 99 100 104 106 110 110 30.4%
Coal - - - - - - - - -
Natural Gas 100 91 89 94 103 106 108 107 0.7%
Petroleum 100 98 100 101 104 106 110 110 29.7%
Electric Utility 100 99 99 103 104 104 108 112 36.3%
Coal 100 100 101 105 105 106 112 115 32.1%
Natural Gas 100 100 99 96 107 115 98 106 3.0%
Petroleum 100 94 75 84 77 53 58 66 1.2%
U.S. Territories 100 117 107 116 125 132 135 139 0.9%
Coal 100 110 126 137 146 148 152 152 0.0%
Natural Gas - - - - - - - - -
Petroleum 100 117 106 115 124 132 134 139 0.8%
All Sectors 100 99 100 103 104 105 109 110 100.0%

- Not applicable
Note: Totals may not sum due to independent rounding.

Methodology

The methodology used by the United States for
estimating CO, emissions from fossil fuel combustion
is conceptually similar to the approach recommended
by the IPCC for countriesthat intend to devel op detailed,
sectoral-based emission estimates (IPCC/UNEP/OECD/
IEA 1997). A detailed description of the U.S. methodol -
ogy ispresented in Annex A, and is characterized by the
following steps:

1. Determine fuel consumption by fuel type and
sector. By aggregating consumption data by sector (e.g.,
commercial, industrial, etc.), primary fuel type (e.g.,
coal, petroleum, gas), and secondary fuel category (e.g.,
motor gasoline, distillate fuel oil, etc.), estimates of to-
tal U.S. fossil fuel consumption for aparticular year were
made.? The United States does not include territoriesin
its national energy statistics; therefore, fuel consump-
tion data for territories was collected separately.

2. Determinethetotal carbon content of fuels con-
sumed. Total carbon was estimated by multiplying the
amount of fuel consumed by the amount of carbon in
each fuel. This total carbon estimate defines the maxi-
mum amount of carbon that could potentially be rel eased
to the atmosphere if al of the carbon were converted to
CO,. The carbon content coefficients used by the United
States are presented in Annex A.

3. Subtract the amount of carbon stored in prod-
ucts. Non-fuel uses of fossil fuels can result in storage
of some or al of the carbon contained in the fuel for
some period of time, depending on the end-use. For ex-
ample, asphalt made from petroleum can sequester up
to 100 percent of the carbon for extended periods of time,
while other products, such as lubricants or plastics, lose
or emit some carbon when they are used and/or burned
as waste. Aggregate U.S. energy statistics include con-
sumption of fossil fuels for non-energy uses; therefore,

8 Fuel consumption by U.S. territories (i.e. American Samoa, Guam, Puerto Rico, U.S. Virgin Islands, Wake I sland, and other U.S. Pacific I slands)
isincluded in this report and contributed 12.6 MM TCE of emissionsin 1997.
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the portion of carbon sequestered through these useswas
subtracted from potential carbon emission estimates. The
amount of carbon sequestered or stored in non-energy
uses of fossil fuels was based on the best available data
on the end-uses and ultimate fate of the various energy
products. These non-energy uses occurred in the indus-
trial and transportation sectors and U.S. territories.

4. Adjust for carbon that does not oxidize during
combustion. Because combustion processes are not 100
percent efficient, some of the carbon contained in fuels
is not emitted to the atmosphere. Rather, it remains be-
hind as soot, ash, or other by-products of inefficient com-
bustion. The estimated amount of carbon not oxidized
due to inefficiencies during the combustion process was
assumed to be 1 percent for petroleum and coal and 0.5
percent for natural gas (see Annex A).

5. Subtract emissions from international bunker
fuels. According to the IPCC guidelines (IPCC/UNEP/
OECD/IEA 1997) emissions from international trans-
port activities, or bunker fuels, should not be included
in national totals. Because U.S. energy consumption sta-
tistics include these bunker fuels—distillate fuel oil, re-
sidual fuel oil, and jet fuel—as part of consumption by
the transportation sector, emissions from international
transport activities were calculated separately and sub-
tracted from emissions from the transportation sector.
The calculations for emissions from bunker fuels fol-
lows the same procedures used for emissions from con-
sumption of all fossil fuels(i.e., estimation of consump-
tion, determination of carbon content, and adjustment
for the fraction of carbon not oxidized.

6. Allocate transportation emissions by vehicle
type. Because the transportation end-use sector was the
largest direct consumer of fossil fuels in the United
States,® a more detailed accounting of carbon dioxide
emissionsis provided. Fuel consumption databy vehicle
type and transportation mode were used to all ocate emis-
sions by fuel type calculated for the transportation end-
use sector. Specific data by vehicle type were not avail-
ablefor 1997; therefore, the 1996 percentage all ocations

were applied to 1997 fuel consumption datain order to
estimate emissionsin 1997. Military vehiclejet fuel con-
sumption was assumed to account for the difference be-
tween total U.S. jet fuel consumption (as reported by
DOE/EIA) and civilian air carrier consumption for both
domestic and international flights (as reported by DOT/
BTS and BEA).

Data Sources

Data on fuel consumption for the United States
and its territories, carbon content of fuels, and percent
of carbon sequestered in non-energy uses were obtained
directly from the Energy Information Administration
(EIA) of the U.S. Department of Energy (DOE). Fuel
consumption data were obtained primarily from the
Monthly Energy Review (EIA 1998e) and various EIA
databases. U.S. marine bunker fuel consumption data
for distillate and residual fuel oil was taken from Fuel
Oil and Kerosene Sales (EIA 1998c). Marine bunker fuel
consumption in U.S. territories was collected from in-
ternal EIA databases used to prepare the International
Energy Annual (EIA 1998d). Jet fuel consumption for
aviation international bunkerswas taken from Fuel Cost
and Consumption, which are monthly data releases by
the Department of Transportation’s Bureau of Transpor-
tation Statistics (DOT/BTS 1998), and unpublished data
from the Bureau of Economic Analysis (BEA 1998). The
data collected by DOT/BTS includes fuel consumed for
international commercial flightsboth originating and ter-
minating in the United States. One-half of thisvalue was
assumed to have been purchased in the United States.1?

IPCC (IPCC/UNEP/OECD/IEA 1997) provided
combustion efficiency rates for petroleum and natural gas.
Bechtel (1993) provided the combustion efficiency rates
for coa. Vehicle typefuel consumption datafor the aloca
tion of transportation sector emissionswere primarily taken
from the Transportation Energy Databook prepared by the
Center for Transportation Analysis at Oak Ridge National
Laboratory (DOE 1993, 1994, 1995, 1996, 1997, 1998).
All jet fuel and aviation gasoline were assumed to have
been consumed in aircraft.

9 Electric utilities are not considered afinal end-use sector, because they consume energy solely to provide electricity to the other sectors.
10 See section titled International Bunker Fuels for amore detailed discussion.
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Carbon intensity estimates were developed using
nuclear and renewable energy data from EIA (1998a)
and fossil fuel consumption data as discussed above and
presented in Annex A.

For consistency of reporting, the IPCC has rec-
ommended that national inventories report energy data
(and emissions from energy) using the International
Energy Agency (IEA) reporting convention and/or |EA
data. Datainthe |EA format are presented “top down” —
that is, energy consumption for fuel types and catego-
riesare estimated from energy production data (account-
ing for imports, exports, stock changes, and losses). The
resulting quantitiesarereferred to as* apparent consump-
tion.” The data collected in the United States by EIA,
and used in this inventory, are, instead, “bottom up” in
nature. In other words, they are collected through sur-
veys at the point of delivery or use and aggregated to
determine national totals.

Uncertainty

For estimates of CO, from fossil fuel combustion,
the amount of CO, emitted, in principle is directly related
to the amount of fuel consumed, the fraction of the fuel
that is oxidized, and the carbon content of the fuel. There-
fore, a careful accounting of fossil fuel consumption by
fuel type, average carbon contents of fossil fuels consumed,
and consumption of products with long-term carbon stor-
age should yield an accurate estimate of CO, emissions.

There are uncertainties, however, concerning the
consumption data sources, carbon content of fuels and
products, and combustion efficiencies. For example,
given the same primary fuel type (e.g., coal), the amount
of carbon contained in the fuel per unit of useful energy
can vary. Non-energy uses of the fuel can also create
situations where the carbon is not emitted to the atmo-
sphere (e.g., plastics, asphalt, etc.) or is emitted at a de-
layed rate. The proportions of fuels used in these non-
fuel production processes that result in the sequestra-
tion of carbon have been assumed. Additionally, ineffi-
ciencies in the combustion process, which can result in
ash or soot remaining unoxidized for long periods, were
also assumed. These factors all contribute to the uncer-
tainty in the CO, estimates.

Other sources of uncertainty are fuel consumption
by U.S. territories and bunker fuels consumed by the
military. The United States does not collect as detailed
energy statistics for its territories as for the fifty states
and the District of Columbia. Therefore both estimating
emissions and bunker fuel consumption by these terri-
toriesisdifficult. It isalso difficult to determine the geo-
graphic boundaries of where military bunker fuels are
consumed. The U.S. Department of Defense currently
does not collect energy consumption data sufficiently
detailed to estimate military bunker fuel emissions.

For the United States, however, these uncertain-
ties are believed to be relatively small. U.S. CO, emis-
sion estimates from fossil fuel combustion are consid-
ered accurate within one or two percent. See, for ex-
ample, Marland and Pippin (1990).

Stationary Sources (excluding CO,)

Stationary sources encompass all fuel combustion
activities except those related to transportation activi-
ties (i.e., mobile combustion). Other than carbon diox-
ide (CO,), which was addressed in the previous section,
gasesfrom stationary combustion include the greenhouse
gases methane (CH,) and nitrous oxide (N,O) and the
criteria pollutants nitrogen oxides (NO,), carbon mon-
oxide (CO), and non-methane volatile organic com-
pounds (NMVOCs). Emissions of these gases from sta-
tionary sources depend upon fuel characteristics, tech-
nology type, usage of pollution control equipment, and
ambient environmental conditions. Emissions also vary
with the size and vintage of the combustion technology
as well as maintenance and operational practices.

Nitrous oxide and NO, emissions from stationary
combustion are closely related to air-fuel mixesand com-
bustion temperatures, as well as the characteristics of
any pollution control equipment that is employed. Car-
bon monoxide emissionsfrom stationary combustion are
generally afunction of the efficiency of combustion and
the use of emission controls; they are highest when less
oxygen is present in the air-fuel mixture than is neces-
sary for complete combustion. These conditions are most
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likely to occur during start-up and shut-down and dur-
ing fuel switching (e.g., the switching of coal grades at
a coal-burning electric utility plant). Methane and
NMVOC emissions from stationary combustion are be-
lieved to be a function of the CH, content of the fuel
and post-combustion controls.

Emissions of CH,, increased slightly from 1990 to
1996, but fell below the 1990 level in 1997 to 2.2
MMTCE (391 Gg). This decrease in emissions was pri-
marily due to lower wood consumption in the residen-
tial and commercia sectors. Nitrous oxide emissions
rose 8 percent since 1990 to 4.1 MMTCE (49 Gg) in
1997. Thelargest source of N,O emissionswas coal com-
bustion by electric utilities, which alone accounted for
53 percent of total N,O emissions from stationary com-
bustion in 1997. Overall, though, stationary combustion
isasmall source of CH, and N,O in the United States.

In general, stationary combustion was a signifi-
cant source of NO, and CO emissions, and a smaller
source of NMVOCs. In 1997, emissions of NO, from
stationary combustion represented 46 percent of national
NO, emissions, while CO and NMVOC emissions from
stationary combustion contributed approximately 6 and
5 percent, respectively, to the national totalsfor the same
year. From 1990 to 1997, emissions of NO, were fairly
constant, while emissions of CO and NMVOCs de-
creased by 13 and 14 percent, respectively.

The decrease in CO and NMVOC emissions from
1990 to 1997 can largely be attributed to decreased resi-
dential and commercial wood consumption, which is the
most significant source of these pollutants in the Energy
sector. Overall, NO, emissions from energy varied due to
fluctuations in emissions from electric utilities. Table 2-
12, Table 2-13, Table 2-14, and Table 2-15 provide CH,
and N,O emission estimates from stationary sources by
sector and fuel type. Estimates of NO,, CO, and NMVOC
emissions in 1997 are given in Table 2-16.11

Methodology

Methane and nitrous oxide emissions were esti-
mated by multiplying emission factors (by sector and
fuel type) by fossil fuel and wood consumption data.

Methane and nitrous oxide emission estimates for sta-
tionary combustion activities were grouped into four
sectors—industrial, commercial/institutional, residen-
tial, and electric utilities—and were based on national
coal, natural gas, fuel oil, and wood consumption data.

For NO,, CO, and NMVOCs, the major source cat-
egories included in this section are those used in EPA
(1998): coal, fuel ail, natural gas, wood, other fuels (in-
cluding LPG, coke, coke oven gas, and others), and sta-
tionary internal combustion. The EPA estimates emis-
sions of NO,, CO, and NMVOCs by sector and fuel
source using a “bottom-up” estimating procedure. In
other words, emissions were calculated either for indi-
vidual sources (e.g., industrial boilers) or for multiple
sources combined, using basic activity data as indica-
tors of emissions. Depending on the source category,
these basic activity data may include fuel consumption,
fuel deliveries, tons of refuse burned, raw material pro-
cessed, etc.

The EPA derived the overal emission control effi-
ciency of asource category from published reports, the 1985
National Acid Precipitation and Assessment Program
(NAPAP) emissions inventory, and other EPA databases.
The U.S. approach for estimating emissions of NO,, CO,
and NMVOCs from stationary source combustion, as de-
scribed above, issimilar to the methodol ogy recommended
by the IPCC (IPCC/UNEP/OECD/IEA 1997).

More detailed information on the methodology for
calculating emissions from stationary sources including
emission factors and activity datais provided in Annex B.

Data Sources

Emissions estimates for NO,, CO, and NMVOCs
in this section were taken directly from the EPA’'s Draft
National Air Pollutant Emissions Trends: 1900 - 1997
(EPA 1998). U.S. energy datawere provided by the U.S.
Energy Information Administration’s Annual Energy
Review (EIA 1998a) and Monthly Energy Review (EIA
1998b). Emission factors were provided by the Revised
1996 IPCC Guidelines for National Greenhouse Gas
Inventories (IPCC/UNEP/OECD/IEA 1997).

11 See Annex B for a complete time series of criteria pollutant emission estimates for 1990 through 1997.
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Table 2-12: CH, Emissions from Stationary Sources (MMTCE)

Sector/Fuel Type 1990 1991 1992 1993 1994 1995 1996 1997
Electric Utilities 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Coal 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Fuel Oil + + + + + + + +
Natural gas + + + + + + + +
Wood + + + + + + + +
Industrial 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9
Coal 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Fuel Oil 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Natural gas 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3
Wood 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3
Commercial/lnstitutional 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Coal + + + + + + + +

Fuel Oil 0.1 + + + + + + +

Natural gas 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Wood* NA NA NA NA NA NA NA NA
Residential 1.3 1.3 1.4 1.3 1.3 1.4 1.4 1.1
Coal 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Fuel Oil 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Natural Gas 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Wood 0.9 1.0 1.1 1.0 0.9 1.0 1.1 0.8
Total 2.3 2.4 2.4 2.4 2.4 2.5 2.5 2.2

+ Does not exceed 0.05 MMTCE

NA (Not Available)

* Commercial/institutional emissions from the combustion of wood are included under the residential sector.
Note: Totals may not sum due to independent rounding.

Table 2-13: N,0 Emissions from Stationary Sources (MMTCE)

Sector/Fuel Type 1990 1991 1992 1993 1994 1995 1996 1997
Electric Utilities 2.0 2.0 2.0 2.1 2.1 2.1 2.2 2.3
Coal 1.9 1.9 1.9 2.0 2.0 2.0 2.1 2.2
Fuel Oil 0.1 0.1 + 0.1 + + + +
Natural gas + + + + + + + +
Wood + + + + + + + +
Industrial 1.4 1.4 1.5 1.5 1.5 1.5 1.5 1.5
Coal 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Fuel Oil 0.4 0.4 0.4 0.4 0.5 0.4 0.5 0.5
Natural gas 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Wood 0.6 0.6 0.7 0.7 0.7 0.7 0.7 0.7
Commercial/lnstitutional 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Coal + + + + + + + +
Fuel Oil + + + + + + + +
Natural gas + + + + + + + +
Wood* NA NA NA NA NA NA NA NA
Residential 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Coal + + + + + + + +
Fuel Oil 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Natural Gas + + + + + + + +
Wood 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Total 3.81 3.78 3.85 3.93 3.97 3.96 4.13 4.13

+ Does not exceed 0.05 MMTCE

NA (Not Available)

* Commercial/institutional emissions from the combustion of wood are included under the residential sector.
Note: Totals may not sum due to independent rounding.
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Table 2-14: CH, Emissions from Stationary Sources (GQ)

Sector/Fuel Type 1990 1991 1992 1993 1994 1995 1996 1997
Electric Utilities 23 23 22 23 23 23 23 24
Coal 16 16 16 17 17 17 18 19
Fuel Oil 4 4 3 3 3 2 2 2
Natural gas 3 3 3 3 3 3 3 3
Wood 1 1 1 1 1 + 1 1
Industrial 140 138 143 146 149 149 154 151
Coal 27 26 25 25 25 24 24 23
Fuel Oil 17 16 17 17 18 17 18 19
Natural gas 40 41 43 45 46 48 49 49
Wood 55 55 58 59 61 59 63 61
Commercial/lnstitutional 28 28 28 28 28 28 24 24
Coal 1 1 1 1 1 1 1 1
Fuel Oil 9 9 8 8 8 8 7 7
Natural gas 13 13 14 14 14 15 15 16
Wood* NA NA NA NA NA NA NA NA
Residential 218 227 237 224 220 236 240 191
Coal 19 17 17 17 17 16 17 17
Fuel Oil 13 13 13 14 13 14 14 15
Natural Gas 21 22 23 24 24 24 26 24
Wood 166 175 184 169 166 183 183 135
Total 404 410 425 415 414 431 441 391

+ Does not exceed 0.5 Gg

NA (Not Available)

* Commercial/institutional emissions from the combustion of wood are included under the residential sector.
Note: Totals may not sum due to independent rounding.

Table 2-15: N,O Emissions from Stationary Sources (Gg)

Sector/Fuel Type 1990 1991 1992 1993 1994 1995 1996 1997
Electric Utilities 24 24 24 25 25 25 26 27
Coal 23 22 23 24 24 24 25 26
Fuel Oil 1 1 1 1 1 + + +
Natural gas + + + + + + + +
Wood + + + + + + + +
Industrial 17 17 17 17 18 18 18 18
Coal 4 4 3 3 3 3 3 3
Fuel Oil 5 5 5 5 5 5 5 6
Natural gas 1 1 1 1 1 1 1 1
Wood 7 7 8 8 8 8 8 8
Commercial/lnstitutional 1 1 1 1 1 1 1 1
Coal + + + + + + + +
Fuel Oil 1 1 + + + + + +
Natural gas + + + + + + + +
Wood* NA NA NA NA NA NA NA NA
Residential 3 4 4 4 4 4 4 3
Coal + + + + + + + +
Fuel Oil 1 1 1 1 1 1 1 1
Natural Gas + + + + + + 1 +
Wood 2 2 2 2 2 2 2 2
Total 45 45 46 46 47 47 49 49

+ Does not exceed 0.5 Gg

NA (Not Available)

* Commercial/institutional emissions from the combustion of wood are included under the residential sector.
Note: Totals may not sum due to independent rounding.
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Table 2-16: NO,, CO, and NMVOC Emissions from Stationary Sources in 1997 (Gg)

Sector/Fuel Type NO, Cco NMVOC
Electric Utilities 5,605 368 46
Coal 5,079 230 26
Fuel Oil 120 11 3
Natural gas 262 71 7
Wood NA NA NA
Internal Combustion 144 56 9
Industrial 2,967 1,007 197
Coal 557 91 5
Fuel Oil 218 66 11
Natural gas 1,256 329 70
Wood NA NA NA
Other Fuels? 118 288 48
Internal Combustion 818 233 62

NA (Not Available)

Sector/Fuel Type NO, Cco NMVOC
Commercial/lnstitutional 379 235 22
Coal 36 14 1
Fuel Oil 97 17 3
Natural gas 219 51 10
Wood NA NA NA
Other Fuels? 27 152 8
Residential 779 2,759 515
Coal? NA NA NA
Fuel Oil® NA NA NA
Natural GasP NA NA NA
Wood 31 2,520 478
Other Fuels? 748 239 37
Total 9,729 4,369 780

@ “Other Fuels” include LPG, waste oil, coke oven gas, coke, and non-residential wood (EPA 1998).
b Coal, fuel oil, and natural gas emissions are included in the “Other Fuels” category (EPA 1998).
Note: Totals may not sum due to independent rounding. See Annex B for emissions in 1990 through 1996.

Uncertainty

M ethane emission estimates from stationary sources
are highly uncertain, primarily due to difficultiesin calcu-
lating emissionsfromwood combustion (i.e., fireplacesand
wood stoves). The estimates of CH, and N,O emissions
presented are based on broad indicators of emissions (i.e.,
fuel use multiplied by an aggregate emission factor for dif-
ferent sectors), rather than specific emission processes(i.e.,
by combustion technology and type of emission contral).
The uncertainties associated with the emission estimates
of these gases are greater than with estimates of CO, from
fossil fuel combustion, which are mainly a function of the
carbon content of thefuel combusted. Uncertaintiesin both
CH, and N,O estimates are due to the fact that emissions
are estimated based on emission factors representing only
alimited subset of combustion conditions. For the criteria
pollutants, uncertainties are partly due to assumptions con-
cerning combustion technology types, age of equipment,
emission factors used, and projections of growth.

Mobile Sources (excluding CO,)

Mobile sources emit greenhouse gases other than
CO,, including methane (CH,), nitrous oxide (N,0), and
the criteria pollutants carbon monoxide (CO), nitrogen
oxides(NO,), and non-methanevolatile organic compounds
(NMVOCs).

Aswith combustion in stationary sources, N,O and
NO, emissions are closely related to fuel characteris-
tics, air-fuel mixes, and combustion temperatures, aswell
as usage of pollution control equipment. Nitrous oxide,
in particular, can be formed by the catalytic processes
used to control NO, and CO emissions. Carbon monox-
ide emissions from mobile source combustion are sig-
nificantly affected by combustion efficiency and pres-
ence of post-combustion emission controls. Carbon mon-
oxide emissions are highest when air-fuel mixtures have
|ess oxygen than required for complete combustion. This
occurs especialy in idle, low speed and cold start con-
ditions. Methane and NMVOC emissions from motor
vehicles are a function of the CH, content of the motor
fuel, the amount of hydrocarbons passing uncombusted
through the engine, and any post-combustion control of
hydrocarbon emissions, such as catalytic converters.

Emissions from mobile sources were estimated by
transport mode (e.g., highway, air, rail, and water) and fuel
type—motor gasoline, diesel fuel, jet fuel, aviation gas,
natural gas, liquefied petroleum gas (LPG), and residual
fuel oil—and vehicle type. Road transport accounted for
themajority of mobile sourcefuel consumption, and hence,
themagjority of mobile source emissions. Table2-17 through
Table 2-20 provide CH, and N,O emission estimates from
mobile sources by vehicle type, fuel type, and transport
mode. Estimates of NO,, CO, and NMVOC emissions in
1997 are given in Table 2-21.12

12 See Annex C for a complete time series of criteria pollutant emission estimates for 1990 through 1997.
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Table 2-17: CH, Emissions from Mobile Sources (MMTCE)

Fuel Type/Vehicle Type 1990 1991 1992 1993 1994 1995 1996 1997
Gasoline Highway 1.3 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Passenger Cars 0.8 0.7 0.7 0.7 0.7 0.7 0.6 0.6
Light-Duty Trucks 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5
Heavy-Duty Vehicles 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Motorcycles + + + + + + + +
Diesel Highway 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Passenger Cars + + + + + + + +
Light-Duty Trucks + + + + + + + +
Heavy-Duty Vehicles 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Non-Highway 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Ships and Boats + + + + + + + +
Locomotives + + + + + + + +
Farm Equipment + + + + + + + +
Construction Equipment + + + + + + + +
Aircraft + + + + + + + +
Other* + + + + + + + +
Total 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
+ Does not exceed 0.05 MMTCE
Note: Totals may not sum due to independent rounding.
* “Other” includes snowmobiles, small gasoline powered utility equipment, heavy-duty gasoline powered utility equipment, and heavy-duty
diesel powered utility equipment.
Table 2-18: N,O Emissions from Mobile Sources (MMTCE)
Fuel Type/Vehicle Type 1990 1991 1992 1993 1994 1995 1996 1997
Gasoline Highway 12.3 12.9 13.8 14.6 15.3 15.6 16.0 16.1
Passenger Cars 8.6 9.0 9.7 10.1 9.9 10.1 8.9 9.0
Light-Duty Trucks 3.4 3.7 3.9 4.2 5.1 5.2 6.8 6.7
Heavy-Duty Vehicles 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3
Motorcycles + + + + + + + +
Diesel Highway 0.5 0.5 0.5 0.5 0.6 0.6 0.6 0.6
Passenger Cars + + + + + + + +
Light-Duty Trucks + + + + + + + +
Heavy-Duty Vehicles 0.5 0.5 0.5 0.5 0.5 0.5 0.6 0.6
Non-Highway 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Ships and Boats 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Locomotives 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Farm Equipment 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Construction Equipment + + + + + + + +
Aircraft 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Other* + + + + + + + +
Total 13.6 14.2 15.2 15.9 16.7 17.0 17.4 17.5

+ Does not exceed 0.05 MMTCE

Note: Totals may not sum due to independent rounding.

* “Other” includes snowmobiles, small gasoline powered utility equipment, heavy-duty gasoline powered utility equipment, and heavy-duty
diesel powered utility equipment.
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Table 2-19: CH, Emissions from Mobile Sources (Gg)

Fuel Type/Vehicle Type 1990 1991 1992 1993 1994 1995 1996 1997
Gasoline Highway 220 214 211 209 211 209 212 210
Passenger Cars 133 128 127 123 115 114 98 100
Light-Duty Trucks 67 66 65 66 73 74 94 91
Heavy-Duty Vehicles 16 16 15 16 17 17 16 16
Motorcycles 4 4 4 4 4 4 4 4
Diesel Highway 10 10 10 11 11 11 12 12
Passenger Cars + + + + + + + +
Light-Duty Trucks + + + + + + + +
Heavy-Duty Vehicles 10 10 10 10 11 11 11 11
Non-Highway 22 21 21 21 21 22 22 20
Ships and Boats 4 4 4 4 4 4 4 3
Locomotives 3 2 3 2 2 3 3 2
Farm Equipment 6 5 6 5 6 6 6 6
Construction Equipment 1 1 1 1 1 1 1 1
Aircraft 8 7 7 7 7 7 7 7
Other* 1 1 1 1 1 1 1 1
Total 252 245 243 241 244 242 246 242

+ Does not exceed 0.5 Gg

Note: Totals may not sum due to independent rounding.

* “Other” includes snowmobiles, small gasoline powered utility equipment, heavy-duty gasoline powered utility equipment, and heavy-duty
diesel powered utility equipment.

Table 2-20: N,O Emissions from Mobile Sources (Gg)

Fuel Type/Vehicle Type 1990 1991 1992 1993 1994 1995 1996 1997
Gasoline Highway 145 153 164 173 181 184 189 191
Passenger Cars 102 107 115 120 117 119 105 107
Light-Duty Trucks 41 44 46 50 60 61 80 80
Heavy-Duty Vehicles 2 3 3 3 3 4 4 4
Motorcycles + + + + + + + +
Diesel Highway 6 6 6 6 7 7 7 7
Passenger Cars + + + + + + + +
Light-Duty Trucks + + + + + + + +
Heavy-Duty Vehicles 5 5 6 6 6 6 7 7
Non-Highway 10 9 10 9 10 10 10 9
Ships and Boats 1 1 1 1 1 2 1 1
Locomotives 1 1 1 1 1 1 1 1
Farm Equipment 1 1 1 1 1 1 1 1
Construction Equipment + + + + + + + +
Aircraft 6 6 5 5 6 6 6 6
Other* + + + + + + + +
Total 161 169 179 188 197 201 206 207

+ Does not exceed 0.5 Gg

Note: Totals may not sum due to independent rounding.

* “Other” includes snowmobiles, small gasoline powered utility equipment, heavy-duty gasoline powered utility equipment, and heavy-duty
diesel powered utility equipment.
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Table 2-21: NO,, CO, and NMVOC Emissions from Mobile Sources in 1997 (Gg)

Fuel Type/Vehicle Type NO, CO NMVOCs Fuel Type/Vehicle Type NO, CO NMVOCs

Gasoline Highway 4,629 44,225 4,528 Non-Highway 4,137 15,201 2,205
Passenger Cars 2,597 24,356 2,467 Ships and Boats 273 1,704 468
Light-Duty Trucks 1,725 16,659 1,785 Locomotives 861 105 45
Heavy-Duty Vehicles 296 3,039 243 Farm Equipment 962 298 116
Motorcycles 11 171 38 Construction Equipment 1,120 1,080 219
Diesel Highway 1,753 1,368 217 Aircraft? 161 918 170
Passenger Cars 31 27 11 Other? 759 11,096 1,186
Loy TGS o a 2 Total 10,519 60,794 6,949
Heavy-Duty Vehicles 1,711 1,332 201

@ Aircraft estimates include only emissions related to LTO cycles, and therefore do not include cruise altitude emissions.

b “Other” includes gasoline powered recreational, industrial, lawn and garden, light commercial, logging, airport service, other equipment; and
diesel powered recreational, industrial, lawn and garden, light construction, airport service.

Note: Totals may not sum due to independent rounding. See Annex C for emissions in 1990 through 1996.

Mobile sources were responsible for asmall portion
of national CH, emissions but were the second largest
source of N,O in the United States. From 1990 to 1997,
CH, emissions declined by 4 percent, to 1.4 MMTCE (242
Gg). Nitrous oxide emissions, however, rose 29 percent to
17.5 MMTCE (207 Gg) (see Figure 2-12). The reason for
this conflicting trend was that the control technol ogies em-
ployed on highway vehicles in the United States lowered
CO, NO,, NMVOC, and CH, emissions, but resulted in
higher average N,O emission rates. Fortunately, since 1994
improvementsin the emission control technologiesinstalled
on new vehicles have reduced emission rates of both NO,
and N,O per vehicle mile traveled. Overal, CH, and N,O
emissions were dominated by gasoline-fueled passenger
cars and light-duty gasoline trucks.

Figure 2-12

Mobile Source CH, and N,O Emissions
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Emissions of criteriapollutantsgenerally increased
from 1990 through 1994, after which there were de-
creases of 4 (NO,) to 14 (CO) percent by 1997. A drop
in gasoline prices combined with a strengthening U.S.
economy caused the initial increase. These factors
pushed the vehiclemilestraveled (VMT) by road sources
up, resulting in increased fuel consumption and higher
emissions. Some of thisincreased activity was later off-
set by an increasing portion of the U.S. vehicle fleet
meeting established emissions standards.

Fossil-fueled motor vehicles comprise the single
largest source of CO emissionsin the United States and
are asignificant contributor to NO, and NMVOC emis-
sions. In 1997, CO emissions from mobile sources con-
tributed 81 percent of total CO emissions and 49 and 41
percent of NO, and NMVOC emissions, respectively.
Since 1990, emissions of CO and NMVOCs from mo-
bile sources decreased by 8 and 13 percent, respectively,
while emissions of NO, increased by 3 percent.

Methodology

Estimates for CH, and N,O emissions from mo-
bile combustion were calculated by multiplying emis-
sion factors by measures of activity for each category.
Depending upon the category, activity dataincluded such
information as fuel consumption, fuel deliveries, and

o« o5 F & vehicle milestraveled (VMT). Emission estimates from
highway vehicleswere based on VMT and emission fac-
tors by vehicle type, fuel type, model year, and control
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technology. Fuel consumption data was employed as a
measure of activity for non-highway vehicles and then
fuel-specific emission factors were applied.’® A com-
plete discussion of the methodology used to estimate
emissions from mobile sources is provided in Annex C.

The EPA (1998a) provided emissions estimates of
NO,, CO, and NMVOCs for eight categories of high-
way vehicles', aircraft, and seven categories of off-high-
way vehicles!®,

Data Sources

Emission factors used in the calculations of CH,
and N,O emissions are presented in Annex C. The Re-
vised 1996 IPCC Guidelines (IPCC/UNEP/OECD/IEA
1997) provided emission factors for CH,, and were de-
veloped using MOBILESa, a model used by the Envi-
ronmental Protection Agency (EPA) to estimate exhaust
and running loss emissions from highway vehicles. The
MOBILE5a model uses information on ambient tem-
perature, vehicle speeds, national vehicleregistration dis-
tributions, gasoline volatility, and other variables in or-
der to produce these factors (EPA 1997).

Emission factors for N,O from gasoline highway
vehicles came from arecent EPA report (1998b). This re-
port developed emission factors for older passenger cars
(roughly pre-1992 in Cdiforniaand pre-1994 in the rest of
the United States), from published references, and for newer
cars from a recent testing program at EPA’'s National Ve-
hicle and Fuel Emissions Laboratory (NVFEL). These
emission factors for gasoline highway vehicles are lower
than the U.S. default values in the Revised 1996 IPCC
Guidelines, but are higher than the European default val-
ues, both of which were published before the more recent
tests and literature review conducted by the NVFEL. The
U.S. default values in the Revised 1996 IPCC Guidelines
were based on three studies that tested a total of five cars
using European rather than U.S. test protocols. More de-
tails may be found in EPA (1998Db).

Emission factors for gasoline vehicles other than
passenger carswere scaled from thosefor passenger cars
with the same control technology, based on their rela-
tive fuel economy. This scaling was supported by lim-
ited data showing that light-duty trucks emit more N,O
than passenger cars with equivalent control technology.
The use of fuel-consumption ratios to determine emis-
sion factors is considered a temporary measure only, to
be replaced as soon as additional testing data are avail-
able. For more details, see EPA (1998b). Nitrous oxide
emission factors for diesel highway vehicles were taken
from the European default values found in the Revised
1996 | PCC Guidelines (IPCC/UNEP/OECD/IEA 1997).
There islittle data addressing N,O emissions from U.S.
diesel-fueled vehicles, and in general, European coun-
tries have had more experience with diesel-fueled ve-
hicles. U.S. default values in the Revised 1996 IPCC
Guidelines were used for non-highway vehicles.

Activity datawere gathered from several U.S. gov-
ernment sources including EIA (1998a), EIA (1998b),
FHWA (1998), BEA (1998), DOC (1998) FAA (1998),
and DOT/BTS (1998). Control technology datafor high-
way vehicles were obtained from the EPA’'s Office of
Mobile Sources. Annual VMT data for 1990 through
1997 were obtained from the Federal Highway
Administration’s (FHWA) Highway Performance Moni-
toring System database, as noted in EPA (1998a).

Emissionsestimatesfor NO,, CO, NMVOCswere
taken directly from the EPA’s National Air Pollutant
Emissions Trends, 1900 - 1997 (EPA 1998a).

Uncertainty

Mobile source emission estimates can vary sig-
nificantly due to assumptions concerning fuel type and
composition, technology type, average speeds, type of
emission control equipment, equipment age, and oper-
ating and maintenance practices. Fortunately, detailed
activity data for mobile sources were available, includ-

13 The consumption of international bunker fuelsis not included in these activity data, but are estimated separately under the International Bunker

Fuels source category.

14 These categoriesincluded: gasoline passenger cars, diesel passenger cars, light-duty gasolinetrucks lessthan 6,000 poundsin weight, light-duty
gasoline trucks between 6,000 and 8,500 pounds in weight, light-duty diesel trucks, heavy-duty gasoline trucks and buses, heavy-duty diesel

trucks and buses, and motorcycles.

15 These categoriesincluded: gasoline and diesel farm tractors, other gasoline and diesel farm machinery, gasoline and diesel construction equip-
ment, snowmobiles, small gasoline utility engines, and heavy-duty gasoline and diesel general utility engines.
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ing VMT by vehicle type for highway vehicles. The al-
location of thisVMT toindividual model yearswas done
using the profile of U.S. vehicle usage by vehicleagein
1990 as specified in MOBILE 5a. Datato develop atem-
porally variable profile of vehicle usage by model year
instead of age was not available.

Average emission factors were developed based
on numerous assumptions concerning the age and model
of vehicle; percent driving in cold start, warm start, and
cruise conditions; average driving speed; ambient tem-
perature; and maintenance practices. The factors for
regul ated emissions from mobile sources—CO, NO,, and
hydrocarbons—have been extensively researched, and
thusinvolvelower uncertainty than emissions of unregu-
lated gases. Although methane has not been singled out
for regulation in the United States, overall hydrocarbon
emissions from mobile sources—a component of which
is methane—are regulated.

Compared to methane, CO, NO,, and NMVOCs,
there is relatively little data available to estimate emis-
sion factors for nitrous oxide. Nitrous oxide is not acri-
teria pollutant, and measurements of it in automobile
exhaust have not been routinely collected. Research data
has shown that N,O emissions from vehicles with cata-
lytic converters are greater than those without emission
controls, and that vehicleswith aged catalysts emit more
than new ones. The emission factors used were, there-
fore, derived from aged cars (EPA 1998b). The emis-
sion factors used for Tier O and older cars were based on
tests of 28 vehicles; those for newer vehicles were based
on tests of 22 vehicles. Thissampleis small considering
that it is being used to characterize the entire U.S. fleet,
and the associated uncertainty is therefore large. Cur-
rently, N,O gasoline highway emission factors for ve-
hicles other than passenger cars are scaled based on those
for passenger cars and their relative fuel economy. Ac-
tual measurements should be substituted for this proce-
dure when they become available. Further testing is
needed to reduce the uncertainty in emission factors for
all classes of vehicles, using realistic driving regimes,
environmental conditions, and fuels.

Although aggregate jet fuel and aviation gasoline
consumption data has been used to estimate emissions
from aircraft, the recommended method for estimating

emissions in the Revised 1996 IPCC Guidelines is to
use data by specific aircraft type (IPCC/UNEP/OECD/
IEA 1997). The IPCC aso recommends that cruise alti-
tude emissions be estimated separately using fuel con-
sumption data, while landing and take-off (LTO) cycle
data be used to estimate near-ground level emissions.
The EPA isattempting to devel op revised estimates based
on this more detailed activity data, and these estimates
are to be presented in future inventories.

U.S. jet fuel and aviation gasoline consumption is
currently all attributed to the transportation sector by
ElA, and it is assumed here that it is all used to fuel
aircraft. However it is likely that some fuel purchased
by airlinesis not necessarily be used in aircraft, but in-
stead used to power auxiliary power units, in ground
equipment, and to test engines. Some jet fuel may also
be used for other purposes such as blending with diesel
fuel or heating ail.

Overall, uncertainty for N,O emissions estimates is
considerably higher than for CH,, CO, NO,, or NMVOC;
however, al these gases involve far more uncertainty than
CO, emissions from fossi| fuel combustion.

Lastly, in EPA (1998), U.S. aircraft emission esti-
matesfor CO, NOx, and NMVOCs are based upon landing
and take-off (LTO) cycles and consequently only capture
near ground-level emissions, which are more relevant for
air quality evauations. These estimates aso include both
domestic and international flights. Therefore, estimates
presented here overestimate |PCC-defined domestic CO,
NO,, and NMVOC emissions by including LTO cycles by
aircraft on international flights but underestimate because
they do not include emissions from aircraft on domestic
flight segments at cruising atitudes.

Coal Mining

All underground and surface coal mining liberates
(i.e., releases) methane as part of normal operations. The
amount of methane liberated during mining is primarily
dependent upon the amount of methane stored in the
coa and the surrounding strata. This in situ methane
content is a function of the quantity of methane gener-
ated during the coal formation process and its ability to
migrate through the surrounding strata over time. The
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degree of coalification—defined by the rank or quality
of the coal formed—determines the amount of methane
generated during the coal formation process; higher
ranked coals generate more methane. The amount of
methane that remains in the coal and surrounding strata
al so depends upon geologic characteristics such as pres-
sure within a coal seam. Deeper coal deposits tend to
retain more of the methane generated during coalifica-
tion. Accordingly, deep underground coal seams gener-
ally have higher methane contentsthan shallow coal seams
or surface deposits.

Underground, versus surface, coal mines contrib-
ute the largest share of methane emissions. All under-
ground coal mines employ ventilation systems to en-
sure that methane levels remain within safe concentra-
tions. These systems can exhaust significant amounts of
methane to the atmosphere in low concentrations. Addi-
tionally, over twenty gassy U.S. coal mines supplement
ventilation systems with degasification systems.
Degasification systems are wells drilled from the sur-
face or boreholes drilled inside the mine that remove
large volumes of methane before or after mining. In
1997, 14 coal mines collected methane from
degasification systems and sold this gas to a pipeline,
thus reducing emissions to the atmosphere. Surface coal

Table 2-22: CH, Emissions from Coal Mining (MMTCE)

mines al so rel ease methane asthe overburden isremoved
and the coal is exposed. Additionally, after coal has been
mined, small amounts of methane retained in the coal
are released during processing, storage, and transport.

Total methane emissions in 1997 were estimated
to be 18.8 MMTCE (3.3 Tg), declining 22 percent since
1990 (see Table 2-22 and Table 2-23). Of this amount,
underground mines accounted for 65 percent, surface
mines accounted for 14 percent, and post-mining emis-
sions accounted for 21 percent. With the exception of
1995, total methane emissions declined every year dur-
ing this period. In 1993, emissions from underground
mining dropped to alow of 2.8 Tg, primarily due to la-
bor strikes at many of the large underground mines. In
1995, there was an increase in methane emissions from
underground mining due to particularly high emissions
at the gassiest coal mine in the country. Overall, with
the exception of 1995, total methane emitted from un-
derground mines declined in each year because of in-
creased gas recovery and use. Surface mine emissions and
post-mining emissions remained relatively constant from
1990 to 1997.

In 1994, EPA's Coalbed Methane Outreach Pro-
gram (CMOP) began working with the coal industry and

Activity 1990 1991 1992 1993 1994 1995 1996 1997
Underground Mining 17.1 16.4 15.6 13.3 13.1 14.2 12.6 12.3
Liberated 18.8 18.1 17.8 16.0 16.3 17.7 16.5 16.8
Recovered & Used (1.6) (1.7) (2.1) (2.7) (3.2) (3.4) (3.8) (4.6)
Surface Mining 2.8 2.6 2.6 2.5 2.6 2.4 2.5 2.6
Post- Mining (Underground) 3.6 3.4 3.8 3.0 3.8 3.8 3.4 3.5
Post-Mining (Surface) 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Total 24.0 22.8 22.0 19.2 19.4 20.3 18.9 18.8
Note: Totals may not sum due to independent rounding.
Table 2-23: CH, Emissions from Coal Mining (Tg)
Activity 1990 1991 1992 1993 1994 1995 1996 1997
Underground Mining 3.0 2.9 2.7 2.3 2.3 2.5 2.2 2.1
Liberated 3.3 3.2 3.1 2.8 2.8 3.1 2.9 2.9
Recovered & Used (0.3) (0.3) (0.4) (0.5) (0.6) (0.6) (0.7)  (0.8)
Surface Mining 0.5 0.4 0.4 0.4 0.5 0.4 0.4 0.5
Post- Mining (Underground) 0.6 0.6 0.6 0.5 0.6 0.6 0.6 0.6
Post-Mining (Surface) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 4.2 4.0 3.8 3.4 3.4 3.6 3.3 3.3
Note: Totals may not sum due to independent rounding.
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other stakeholders to identify and remove obstacles to
investments in coal mine methane recovery and use
projects. Reductions attributed to CM OP were estimated
tobe0.7,0.8, 1.0, and 1.3 MMTCE in 1994, 1995, 1996
and 1997, respectively.

Methodology

The methodology for estimating methane emis-
sions from coa mining consists of two main steps. The
first step involved estimating methane emissions from
underground mines. Because of the availability of ven-
tilation system measurements, underground mine emis-
sions can be estimated on amine-by-mine basis and then
summed to determine total emissions. The second step
involved estimating emissions from surface mines and
post-mining activities by multiplying basin-specific coal
production by basin-specific emissions factors.

Underground mines. Total methane emitted from
underground mines was estimated as the quantity of
methane liberated from ventilation systems, plus meth-
ane liberated from degasification systems, minus meth-
ane recovered and used. The Mine Safety and Heath
Administration (MSHA) measures methane emissions
from ventilation systems for all mines with detectable'®
methane concentrations. These mine-by-mine measure-
ments were used to estimate methane emissions from
ventilation systems.

Some of the gassier underground mines also use
degasification systems (e.g., wells or boreholes) that re-
move methane before or after mining . This methane
can then be collected for use or vented to the atmosphere.
Various approaches were employed to estimate the quan-
tity of methane collected by each of the more than twenty
mines using these systems, depending on available data.
For example, some mines have reported to EPA the
amounts of methane liberated from their degasification
systems. For minesthat sell recovered methaneto apipe-
line, pipeline sales data was used to estimate
degasification emissions. Finally, for those mines for
which no other data was available, default recovery ef-

ficiency values were developed, depending on the type
of degasification system employed.

Finally, the amount of methane recovered by
degasification systems and then used (i.e., not vented)
was estimated. This cal culation was complicated by the
fact that methane is rarely recovered and used during
the sameyear in which the particular coal seam ismined.
In 1997, 14 active coa mines sold recovered methane to
apipeline operator. Emissions avoided for these projects
were estimated using gas sales data reported by various
state agencies, and information supplied by coal mine
operators regarding the number of years in advance of
mining that gas recovery occurred. Additionally, some
of the state agencies provided individual well produc-
tion information, which was used to assign gas sales to
a particular year.

Surface Mines and Post-Mining Emissions. Sur-
face mining and post-mining methane emissions were
estimated by multiplying basin-specific coal production
by basin-specific emissions factors. For surface mining,
emissions factors were developed by assuming that sur-
face mines emit from one to three times as much meth-
ane as the average in situ methane content of the coal.
This accounts for methane released from the strata sur-
rounding the coal seam. For this analysis, it is assumed
that twice the average in-situ methane content is emit-
ted. For post-mining emissions, the emission factor was
assumed to be from 25 to 40 percent of the average in
situ methane content of coals mined in the basin. For
thisanalysis, it is assumed that 32.5 percent of the aver-
age in-situ methane content is emitted.

Data Sources

The Mine Safety and Health Administration pro-
vided mine-specific information on methane liberated
from ventilation systems at underground mines. EPA
developed estimates of methane liberated from
degasification systems at underground mines based on
available data for each of the mines employing these
systems. The primary sources of data for estimating

16 MSHA records coal mine methane readings with concentrations of greater than 50 ppm (parts per million) methane. Readings below this

threshold are considered non-detectable.
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emissions avoided at underground mines were gas sales
data published by state petroleum and natural gas agen-
cies, information supplied by mine operators regarding
the number of years in advance of mining that gas re-
covery occurred, and reports of gas used on-site. An-
nual coal production data was taken from the Energy
Information Agency’s Coal Industry Annual (see Table
2-24) (EIA 1991, 1992, 1993, 1994, 1995, 1996, 1997,
1998). Data on in situ methane content and emissions
factors were taken from EPA (1993).

Table 2-24: Coal Production
(Thousand Metric Tons)

Year Underground Surface Total
1990 384,247 546,814 931,061
1991 368,633 532,653 901,285
1992 368,625 534,286 902,911
1993 318,476 539,211 857,687
1994 362,063 575,525 937,588
1995 359,475 577,634 937,109
1996 371,813 593,311 965,125
1997 381,620 607,163 988,783

Uncertainty

The emission estimates from underground venti-
lation systemswere based upon actual measurement data
for mines with detectable methane emissions. Accord-
ingly, the uncertainty associated with these measure-
ments is estimated to be low. Estimates of methane lib-
erated from degasification systems are less certain be-
cause EPA assigns default recovery efficiencies for a
subset of U.S. mines. Compared to underground mines,
there is considerably more uncertainty associated with
surface mining and post-mining emissions because of
the difficulty in developing accurate emissions factors
from field measurements. Because underground emis-
sions comprise the majority of total coal mining emis-
sions, the overall uncertainty is estimated to be only £15
percent.” Currently, the estimate does not include emis-
sions from abandoned coal mines because of limited
data. The EPA is conducting research on the feasibility
of including an estimate in future years.

17 Preliminary estimate

Natural Gas Systems

Methane emissions from natural gas systems are
generally process related, with normal operations, rou-
tine maintenance, and system upsets being the primary
contributors. Emissionsfrom normal operationsinclude:
natural gas combusting engine and turbine exhaust, bleed
and discharge emissions from pneumatic devices, and
fugitive emissions from system components. Routine
mai ntenance emissions originate from pipelines, equip-
ment, and wells during repair and maintenance activi-
ties. Pressure surgerelief systemsand accidents can lead
to system upset emissions.

TheU.S. natural gas system encompasses hundreds
of thousands of wells, hundreds of processing facilities,
hundreds of thousands of miles of transmission pipe-
lines, and over a million miles of distribution pipeline.
The system, though, can be divided into four stages, each
with different factors affecting methane emissions, as
follows:

Field Production. In this initial stage, wells are
used to withdraw raw gas from underground formations.
Emissions arise from the wells themselves, treatment
facilities, gathering pipelines, and process units such as
dehydrators and separators. Fugitive emissionsand emis-
sions from pneumatic devices accounted for the major-
ity of emissions. Emissions from field production have
increased absolutely and as a proportion of total emis-
sions from natural gas systems—approximately 27 per-
cent between 1990 and 1996—due to an increased num-
ber of producing gas wells and related equipment, and
then leveled off in 1997 at 9.5 MMTCE.

Processing. Inthisstage, processing plantsremove
various constituents from the raw gas before it is in-
jected into the transmission system. Fugitive emissions
from compressors, including compressor seals, were the
primary contributor from this stage. Processing plants
accounted for about 12 percent of methane emissionsfrom
natural gas systemsduring the period of 1990 through 1997.
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Transmission and Storage. Natural gas transmis-
sioninvolves high pressure, large diameter pipelinesthat
transport gas long distances from field production areas
to distribution centers or large volume customers. From
1990 to 1997, total natural gas transmission pipeline
milage varied, with an overall decline from about
280,000 miles to about 260,000 miles. Throughout the
transmission system, compressor stations pressurize the
gas to move it through the pipeline. Fugitive emissions
from compressor stations and metering and regulating
stations accounted for the majority of the emissionsfrom
transmission. Pneumatic devices and engine exhaust
were smaller sources of emissionsfrom transmission fa-
cilities. Methane emissions from the transmission stage
accounted for approximately 35 percent of the emissions
from natural gas systems.

Natural gas is also injected and stored in under-
ground formations during periods of low demand, and
withdrawn, processed, and distributed during periods of
high demand. Compressors and dehydrators were the
primary contributors from these storage facilities. Less
than one percent of total emissionsfrom natural gas sys-
tems can be attributed to these facilities.

Distribution. The distribution of natural gasrequires
the use of low-pressure pipelines to deliver gas to custom-
ers. The distribution network consisted of nearly 1.4 mil-

lion miles of pipelinein 1996, increasing from a 1990 fig-
ure of just over 1.3 million miles (AGA 1996). Distribu-
tion system emissions, which accounted for approximately
27 percent of emissions from natural gas systems, resulted
mainly from fugitive emissionsfrom gate stations and non-
plastic piping. An increased use of plastic piping, which
has |ower emissions than other pipe materials, hasreduced
the growth in emissions from this stage.

Overdll, natural gas systemsemitted 33.5 MM TCE
(5.9 Tg) of methane in 1997 (see Table 2-25 and Table
2-26). Emissions rose slightly from 1990 to 1997, re-
flecting an increasein the number of producing gaswells
and miles of distribution pipeline. Initiated in 1993,
EPA’s Natural Gas STAR program is working with the
gas industry to promote profitable practices that reduce
methane emissions. The program is estimated to have
reduced emissions by 0.7, 1.2, 1.3 and 1.6 MMTCE in
1994, 1995, 1996, and 1997, respectively.

Methodology

The foundation for the estimate of methane emis-
sions from the U.S. natural gas industry is a detailed
study by the Gas Research Institute and EPA (GRI/EPA
1995). The GRI/EPA study developed over 100 detailed
emission factors and activity levels through site visits
to selected gas facilities, and arrived at a national point

Table 2-25: CH, Emissions from Natural Gas Systems (MMTCE)

Stage 1990 1991 1992 1993 1994 1995 1996 1997
Field Production 8.0 8.2 8.5 8.7 8.8 9.1 9.5 9.5
Processing 4.0 4.0 4.0 4.0 4.2 4.1 4.1 4.1
Transmission and Storage 12.6 12.7 12.9 12.6 12.5 12.5 12.4 12.7
Distribution 8.3 8.4 8.6 8.8 8.7 8.7 9.1 8.9
Total 32.9 33.3 33.9 34.1 33.5 33.2 33.7 33.5
Note: 1994 through 1997 totals include reductions from Natural Gas STAR program. Totals may not sum due to independent rounding.
Table 2-26: CH, Emissions from Natural Gas Systems (TQ)

Stage 1990 1991 1992 1993 1994 1995 1996 1997
Field Production 1.4 1.4 1.5 1.5 1.5 1.6 1.7 1.7
Processing 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Transmission and Storage 2.2 2.2 2.3 2.2 2.2 2.2 2.2 2.2
Distribution 1.4 1.5 1.5 1.5 1.5 1.5 1.6 1.5
Total 5.7 5.8 5.9 5.9 5.8 5.8 5.9 5.9

Note: 1994 through 1997 totals include reductions from Natural Gas STAR program. Totals may not sum due to independent rounding.
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estimate for 1992. Since publication of this study, EPA
conducted additional analysisto update the activity data
for some of the components of the system, particularly
field production equipment. Summing emissions across
individual sources in the natural gas system provided a
1992 baseline emission estimate from which the emis-
sions for the period 1990 through 1997 were derived.

Apart from the year 1992, detailed statistics on
each of the over 100 activity levels were not available
for the time series 1990 through 1997. To estimate these
activity levels, aggregate annual statistics were obtained
on the main driving variables, including: number of pro-
ducing wells, number of gas plants, miles of transmis-
sion pipeline, miles of distribution pipeline, and miles
of distribution services. By assuming that the relation-
ships among these variables remained constant (e.g., the
number of heaters per well remained the same), the sta-
tistics on these variables formed the basis for estimat-
ing other activity levels.

For the period 1990 through 1995, the emission
factors were held constant. A gradual improvement in
technology and practicesis expected to reduce the emis-
sion factors slightly over time. To reflect this trend, the
emission factors were reduced by about 0.2 percent per
year starting with 1996, arate that, if continued, would
lower the emission factors by 5 percent in 2020. See
Annex E for more detailed information on the method-
ology and data used to cal cul ate methane emissionsfrom
natural gas systems.

Data Sources

Activity data were taken from the American Gas
Association (AGA 1991, 1992, 1993, 1994, 1995, 1996,
1997), the Energy Information Administration’s Annual
Energy Outlook (EIA 1997a), Natural Gas Annual (EIA
1997b), and Natural Gas Monthly (EIA 1998), and the
Independent Petroleum Association of America (IPAA
1997). The U.S. Department of Interior (DOI 1997, 1998)
supplied offshore platform data. All emission factors
were taken from GRI/EPA (1995).

Uncertainty

The heterogeneous nature of the natural gasindustry
makes it difficult to sample facilities that are completely
representative of the entire industry. Because of this, scal-
ing up from model facilities introduces a degree of uncer-
tainty. Additionally, highly variable emission rates were
measured among many system components, making the
calculated average emission rates uncertain. Despite the
difficulties associated with estimating emissions from this
source, the uncertainty in the total estimated emissions are
believed to be on the order of +40 percent.

Petroleum Systems

One of the gases emitted from the production and
refining of petroleum products is methane. The activi-
ties that lead to methane emissions include: production
field treatment and separation, routine maintenance of
production field equipment, crude oil storage, refinery
processes, crude oil tanker loading and unloading, and
venting and flaring. Each stage is described below:

Production Field Operations. Fugitive emissions
from oil wellsand related production field treatment and
separation equipment are the primary source of emis-
sions from production fields. From 1990 to 1997, these
emissions accounted for about 10 percent of total emis-
sions from petroleum systems. Routine maintenance,
which includes the repair and maintenance of valves,
piping, and other equipment, accounted for less than 1
percent of total emissions from petroleum systems.
Emissions from production fields are expected to de-
clinein the future as the number of oil wells decreases.

CrudeQil Sorage. Crudeail storagetanksemit meth-
ane during two processes. “Breathing losses’ from roof
sedls and joints occur when the tank is in use, and while
tanks are being drained or filled. “Working losses’ occur
asthemethaneintheair space abovetheliquidisdisplaced.
Piping and other equipment at storage facilities can aso
produce fugitive emissions. Between 1990 and 1997, crude
o0il storage emissions accounted for less than 1 percent of
total emissions from petroleum systems.
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Refining. Waste gas streams from refineries are a
source of methane emissions. Based on Tilkicioglu and
Winters (1989), who extrapol ated waste gas stream emis-
sions to national refinery capacity, emissions estimates
from this source accounted for approximately 3 percent
of total methane emissions from the production and re-
fining of petroleum.

Tanker Operations. The loading and unloading of
crude oil tankers releases methane. From 1990 to 1997,
emissions from crude oil transportation on tankers ac-
counted for roughly 2 percent of total emissions from
petroleum systems.

\enting and Flaring. Gas produced during oil pro-
duction that cannot be contained or otherwise used is
released into the atmosphere or flared. Vented gas typi-
cally has ahigh methane content; however, it isassumed
that flaring destroys the majority of the methane in the
gas (about 98 percent depending upon the moisture con-
tent of the gas). Venting and flaring may account for up
to 85 percent of emissions from petroleum systems.
There is considerable uncertainty in the estimate of
emissions from this activity.

In 1997 methane emissions from petroleum sys-
tems were 1.6 MMTCE (271 Gg) and have remained
essentially constant since 1990. Emission estimates are
provided below in Table 2-27 and Table 2-28.

Methodology
The methodology used for estimating emissions
from each stage is described below:

Production Field Operations. Emission estimates
were calculated by multiplying emission factors (i.e.,
emissions per oil well) with their corresponding activ-
ity data (i.e., number of oil wells). To estimate emis-
sions for 1990 to 1997, emission factors developed to
estimate 1990 emissions were multiplied by updated
activity datafor 1990 through 1997. Emissions estimates
from petroleum systems excluded associated natural gas
wells to prevent double counting with the estimates for
Natural Gas Systems.

Crude Qil Storage. Tilkicioglu and Winters (1989)
estimated crude oil storage emissionsonamodel tank farm
facility with fixed and floating roof tanks. Emission fac-
tors devel oped for the model facility were applied to pub-
lished crude oil storage data to estimate emissions.

Table 2-27: CH, Emissions from Petroleum Systems (MMTCE)

Stage 1990 1991 1992 1993 1994 1995 1996 1997
Production Field Operations 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Crude Oil Storage + + + + + + + +
Refining 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Tanker Operations + + + + + + + +
Venting and Flaring 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
Total 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.6
+ Does not exceed 0.05 MMTCE
Note: Totals may not sum due to independent rounding.

Table 2-28: CH, Emissions from Petroleum Systems (Gg)
Stage 1990 1991 1992 1993 1994 1995 1996 1997
Production Field Operations 24 25 24 24 24 23 23 23
Crude Oil Storage 2 2 2 2 2 2 2 2
Refining 10 10 10 10 10 10 9 9
Tanker Operations 6 6 5 5 5 5 5 5
Venting and Flaring 231 231 231 231 231 231 231 231
Total 272 273 272 272 272 271 271 271

Note: Totals may not sum due to independent rounding.
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Refining. Tilkicioglu and Winters (1989) also es-
timated methane emissions from waste gas streams based
on measurements at ten refineries. These data were ex-
trapolated to total U.S. refinery capacity to estimate
emissions from refinery waste gas streams for 1990. To
estimate emissionsfor 1991 through 1997, the emissions
estimates for 1990 were scaled using updated data on
U.S. refinery capacity.

Tanker Operations. Methane emissions from
tanker operations are associated with the loading and
unloading of domestically-produced crude oil trans-
ported by tanker, and the unloading of foreign-produced
crude transported by tanker. The quantity of domestic
crude transported by tanker was estimated as Alaskan
crude oil production less Alaskan refinery crude utiliza-
tion, plus 10 percent of non-Alaskan crude oil produc-
tion. Crude oil imports by tanker were estimated as to-
tal imports less imports from Canada. An emission fac-
tor based on the methane content of hydrocarbon va-
pors emitted from crude oil was employed (Tilkicioglu
and Winters 1989). This emission factor was multiplied
by updated activity data to estimate total emissions for
1990 through 1997.

\enting and Flaring. Although venting and flar-
ing data indicate that the amount of venting and flaring
activity has changed over time, there is currently insuf-
ficient data to assess the change in methane emissions
associated with these fluctuations. Given the consider-
able uncertainty in the emissions estimate for this stage,
and the inability to discern a trend in actual emissions,
the 1990 emissions estimate was held constant for the
years 1991 through 1997.

See Annex F for more detailed information on the
methodology and data used to calculate methane emis-
sions from petroleum systems.

Data Sources

Dataon the number of oil wellsin production fields
were taken from the American Petroleum Institute (API
1998) as was the number of oil wells that do not pro-
duce natural gas. Crude oil storage, crude oil stocks,
crude oil production, utilization, and import data were
obtained fromthe U.S. Department of Energy (EIA 1991,
1992, 1993, 1994, 1995, 1996, 1997, 1998). U.S. refin-
ery capacity and Alaskan refinery crude capacity data
were extrapolated based on estimates for 1990 through
1996 (EIA 1990, 1991, 1992, 1993, 1994, 1995, 1997).
Emission factors were taken from Tilkicioglu and Win-
ters (1989) and EPA (1993).

Uncertainty

There are significant uncertainties associated with
all aspects of the methane emissions estimates from petro-
leum systems. Published gtatistics are inadequate for esti-
mating activity data at the level of detail required. Simi-
larly, emission factors for each stage remain uncertain. In
particular, there is insufficient information to estimate an-
nual venting and flaring emissions using published statis-
tics. EPA is currently undertaking more detailed analyses
of emissions from this source and anticipates that new in-
formation will be available for future inventories. Prelimi-
nary work suggests that emission estimates will increase.
Table 2-29 provides emission estimate ranges given the
uncertainty in the venting and flaring estimates.

Table 2-29: Uncertainty in CH, Emissions from Petroleum Systems (Gg)

Stage 1990 1991 1992 1993 1994 1995 1996 1997
Venting and Flaring (point estimate) 231 231 231 231 231 231 231 231
Low 93 93 93 93 93 93 93 93
High 462 462 462 462 462 462 462 462
Total (point estimate) 272 273 272 272 272 271 271 271
Low 103 103 103 103 103 102 102 102
High 627 631 628 627 625 621 620 621
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Natural Gas Flaring and
Criteria Pollutant Emissions
from Oil and Gas Activities

Theflaring of natural gasfrom oil wellsisasmall
source of carbon dioxide (CO,). In addition, oil and gas
activities also release small amounts of nitrogen oxides
(NQ,), carbon monoxide (CO), and nonmethane vola-
tile organic compounds (NMVOCs). This source ac-
counts for only a small proportion of overall emissions
of each of these gases. Emissions of CO,, NO,, and CO
from petroleum and natural gas production activities are
all lessthan 1 percent of national totals, while NMVVOC
emissions are roughly 3 percent of national totals.

Carbon dioxide emissions from petroleum produc-
tion result from natural gasthat isflared (i.e., combusted)
at the production site. Barns and Edmonds (1990) noted
that of total reported U.S. venting and flaring, approxi-
mately 20 percent may be vented, with the remaining
80 percent flared; however, it is now believed that flar-
ing accounts for an even greater proportion, although
some venting still occurs. Methane emissions from vent-
ing are accounted for under Petroleum Systems. For
1997, the CO, emissionsfrom the flaring were estimated
to be approximately 4.2 MMTCE (15.2 Tg), an increase
of 82 percent since 1990 (see Table 2-30).

Criteria pollutant emissions from oil and gas pro-
duction, transportation, and storage, constituted arelatively
small and stable portion of thetotal emissionsof thesegases
for the 1990 to 1997 period (see Table 2-31).

Methodology

The estimates for CO, emissions were prepared us-
ing an emission factor of 14.92 MMTCE/QBtu of flared
gas, and an assumed flaring efficiency of 100 percent. The
quantity of flared gas was estimated as the total reported
vented and flared gas minus a constant 12,031 million cu-
bic feet, which was assumed to be vented.*®

Criteriapollutant emission estimatesfor NO,, CO,
and NMVOCswere determined using industry-published
production data and applying average emission factors.

Table 2-30: CO, Emissions from Natural

Gas Flaring
Year MMTCE Tg
1990 2.3 8.4
1991 2.6 9.6
1992 2.6 9.4
1993 8.5 13.0
1994 3.6 13.1
1995 4.5 16.4
1996 4.3 15.7
1997 4.2 15.2

Table 2-31: NO,, NMVOCs, and CO Emissions from
Oil and Gas Activities (Gg)

Year NO, (€0) NMVOCs
1990 139 302 555
1991 110 313 581
1992 134 337 574
1993 111 337 588
1994 106 307 587
1995 100 316 582
1996 100 316 469
1997 104 330 488

Data Sources

Activity data in terms of total natural gas vented
and flared for estimating CO, emissions from natural
gas flaring were taken from EIA’s Natural Gas Annual
(EIA 1998). The emission and thermal conversion fac-
tors were also provided by EIA (see Table 2-32)

EPA (1998) provided emission estimates for NO,,
CO, and NMVOCs from petroleum refining, petroleum
product storage and transfer, and petroleum marketing
operations. Included are gasoline, crude oil and distil-
latefuel oil storage and transfer operations, gasoline bulk
terminal and bulk plants operations, and retail gasoline
service stations operations.

Uncertainty

Uncertainties in CO, emission estimates prima-
rily arise from assumptions concerning what proportion
of natural gas is flared and the flaring efficiency. The
portion assumed vented as methane in the methodol ogy
for Petroleum Systems is currently held constant over

18 See the methodological discussion under Petroleum Systems for the basis of the portion of natural gas assumed vented.
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Table 2-32: Total Natural Gas Reported Vented
and Flared (million ft3) and Thermal Conversion
Factor (Btu/ftd)

Thermal
Year Vented and Flared Conversion Factor
1990 150,415 1,106
1991 169,909 1,108
1992 167,519 1,110
1993 226,743 1,106
1994 228,336 1,105
1995 283,739 1,106
1996 272,117 1,106
1997 263,819 1,106

the period 1990 through 1997 due to the uncertainties
involved in the estimate. Uncertainties in criteria pol-
[utant emission estimates are partly due to the accuracy
of the emission factors used and projections of growth.

International Bunker Fuels

Emissions resulting from the combustion of fuels
used for international transport activities, termed inter-
national bunker fuels under the UN Framework Con-
vention on Climate Change (UNFCCC), are currently
not included in national emission totals, but are reported
separately on the basis of fuel sold in each country. The
decision to report emissions from international bunker
fuels separately, instead of allocating them to a particu-
lar country, was made by the Intergovernmental Negoti-
ating Committee in establishing the Framework Con-
vention on Climate Change.’® These decisions are re-
flected in the Revised 1996 IPCC Guidelines, in which
countries are requested to report emissions from ships
or aircraft that depart from their ports and are engaged
in international transport separately from national to-
tals (IPCC/UNEP/OECD/IEA 1997). The Parties to the
UNFCCC have yet to decide on a methodology for alo-
cating these emissions.?

Greenhouse gases emitted from the combustion of
international bunker fuels, like other fossil fuels, include
carbon dioxide (CO,), methane (CH,), nitrousoxide (N,O),
carbon monoxide (CO), oxides of nitrogen (NO,),
nonmethane volatile organic compounds (NMVOCs), par-
ticulate matter, and sulfur dioxide (SO,).%* Two transport
modes are addressed under the IPCC definition of interna-
tional bunker fuels: aviation and marine. Emissions from
ground transport activities—by road vehicles and trains—
even when crossing international borders are allocated to
the country where the fuel was loaded into the vehicle and,
therefore, are not counted as bunker fuel emissions.

The IPCC Guidelines distinguish between different
modes of air traffic. Civil aviation comprises aircraft used
for the commercial transport of passengersand freight, mili-
tary aviation comprises aircraft under the control of na-
tional armed forces, and general aviation appliesto recre-
aional and small corporate aircraft. The IPCC Guidelines
further defineinternational bunker fuel use asthefuel com-
busted for civil (commercial) aviation purposes by aircraft
arriving or departing oninternational flight segments. How-
ever, as mentioned above, only the fuel used by aircraft
taking-off (i.e., departing) from the United States are re-
ported here. The standard fuel used for civil aviation is
kerosene-type jet fuel, while the typica fuel used for gen-
eral aviation is aviaion gasoline.?

Emissions of CO, from aircraft are a function of
fuel use, whereas emissions per flight or ton-milein the
case of cargo, are a function of flight path, fuel effi-
ciency of the aircraft and its engines, occupancy, and
|oad factor. Methane, N,O, CO, NO,, and NMVOC emis-
sions depend upon engine characteristics, flight condi-
tions, and flight phase (i.e., take-off, climb, cruise, de-
cent, and landing). Methane, CO, and NMVOCs are the
product of incomplete combustion and occur mainly
during the landing and take-off phases. In jet engines,
N,O and NO, are primarily produced by the oxidation

19 See report of the Intergovernmental Negotiating Committee for a Framework Convention on Climate Change on the work of its ninth session,
held at Genevafrom 7 to 18 February 1994 (A/AC.237/55, annex |, para. 1c) (contact secretariat@unfccc.de).

20 See FCCC/SBSTA/1996/9/Add.1 and Add.2 for a discussions of allocation options for international bunker fuels (see http://www.unfccc.de/

feee/docs/1996/shsta/09a01. pdf and /09a02.pdf).

2L sulfur dioxide emissions from jet aircraft and marine vessels, although not estimated here, are mainly determined by the sulfur content of the
fuel. On average jet fuel has a sulfur content around 0.05 percent, while distillate diesel fuel averages around 0.3 percent and residual fuel oil

around 2.3 percent.

22 Naphtha-type jet fuel is used primarily by the military in turbojet and turboprop aircraft engines.
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of atmospheric nitrogen, and the majority of emissions
occur during the cruise phase. The impact of NO, on
atmospheric chemistry depends on the altitude of the
actual emission. The cruising altitude of supersonic air-
craft, near or in the ozone layer, is higher than that of
subsonic aircraft. At this higher altitude, NO, emissions
contribute to ozone depletion.3 At the cruising altitudes
of subsonic aircraft, however, NO, emissions contrib-
ute to the formation of ozone. At these lower altitudes,
the positive radiative forcing effect of ozone is most po-
tent.>* The vast mgjority of aircraft NO, emissions oc-
cur at these lower cruising altitudes of commercial sub-
sonic aircraft?®® (NASA 1996).

International marine bunkers comprise emissions
from fuels burned by ocean-going ships of all flagsthat are
engaged in international transport. Ocean-going ships are
generally classified as cargo and passenger carrying, mili-
tary (i.e, navy), fishing, and miscellaneous support ships
(e.g., tugboats). For the purpose of estimating greenhouse
gas emissions, international bunker fuels are solely related
to cargo and passenger carrying vessels, which isthe larg-
est of thefour categories. Two main types of fuelsare used
on sea-going vessels: distillate diesel fuel and residual fuel
oil. Carbon dioxideis the primary greenhouse gas emitted
from marine shipping. In comparison to aviation, the at-
mospheric impacts of NO, from shipping are relatively
minor, as the emissions occur at ground level.

Overall, aggregate greenhouse gas emissions in
1997 from the combustion of international bunker fuels
from both aviation and marine activities decreased by 2
percent since 1990, to 26.8 MMTCE (see Table 2-33).
Although emissions from international flights depart-
ing from the United States have increased significantly
(33 percent), emissionsfrom international shipping voy-
ages departing the United States appear to have decreased
by a greater absolute amount.?® The majority of these

emissions were in the form of carbon dioxide; however,
small amounts of CH, and N,O were also emitted. Of
the criteria pollutants, emissions of NO, by aircraft at
cruising atitudes are of primary concern because of their
effects on ozone formation (see Table 2-38).

Emissions from both aviation and marine interna-
tional transport activities are expected to grow in the
future as both air traffic and trade increase, although
emission rates should decrease over time due to techno-
logical changes.?”

Methodology

Emissions of CO, were estimated through the ap-
plication of carbon content and fraction oxidized fac-
tors to fuel consumption activity data. This approach is
analogous to that described under CO, from Fossil Fuel
Combustion. A complete description of the methodol-
ogy and alisting of the various factors employed can be
found in Annex A.

Emission estimates for CH,, N,O, CO, NO,, and
NMVOCs were calculated by multiplying emission fac-
tors by measures of fuel consumption by fuel type and
mode. Activity data for aviation included solely jet fuel
consumption statistics, while the marine mode included
both distillate diesel and residual fuel oil.

Data Sources

Carbon content and fraction oxidized factorsfor kero-
sene-type jet fuel, distillate fuel ail, and residual fuel ail
were taken directly from the Energy Information Adminis-
tration (EIA) of the U.S. Department of Energy and are
presented in Annex A. Heat content and density conver-
sions were taken from EIA (1998). Emission factors used
in the calculations of CH,, N,O, CO, NO,, and NMVOC
emissions were taken from the Revised 1996 |PCC Guide-
lines (IPCC/UNEP/OECD/IEA 1997). For aircraft emis-

23 |n 1996, there were only around a dozen civilian supersonic aircraft in service around the world which flew at these altitudes, however.

2 However, at this lower altitude, ozone does little to shield the earth from ultraviolet radiation.
2 Cruise altitudes for civilian subsonic aircraft generally range from 8.2 to 12.5 km (27,000 to 41,000 feet).

26 See Uncertainty section for a discussion of data quality issues.

27 Most emission related international aviation and marine regul ations are under the rubric of the International Civil Aviation Organization (ICAO)
or the International Maritime Organization (IMO), which develop international codes, recommendations, and conventions, such as the Interna-

tional Convention of the Prevention of Pollution from Ships (MARPOL).
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Table 2-33: Emissions from International Bunker Fuels (MMTCE)

Gas/Mode 1990 1991 1992 1993 1994 1995 1996 1997
CO, 27.1 27.8 29.0 29.9 27.4 25.4 25.4 26.6
Aviation 10.5 10.5 11.0 11.2 11.6 12.4 12.8 13.9
Marine 16.6 17.3 18.0 18.7 15.8 13.0 12.6 12.7
CH, + + + + + + + +

Aviation + + + + + + + +

Marine + + + + + + + +

N,O 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2
Aviation 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Marine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 27.3 28.0 29.3 30.2 27.6 25.7 25.6 26.8

+ Does not exceed 0.05 MMTCE

Note: Totals may not sum due to independent rounding. Excludes emissions from military fuel consumption. Includes aircraft cruise altitude

emissions.

Table 2-34: Emissions from International Bunker Fuels (Gg)

Gas/Mode 1990 1991 1992 1993 1994 1995 1996 1997
Co, 99,258 101,925 106,404 109,605 100,377 93,296 92,991 97,542
Aviation 38,432 38,450 40,413 41,100 42,491 45,528 46,957 50,974
Marine 60,826 63,475 65,990 68,505 57,886 47,768 46,034 46,568
CH, 2 2 2 2 2 2 2 2
Aviation 1 1 1 1 1 1 1 1
Marine 1 1 1 1 1 0 0 0
N,O 3 3 3 3 3 3 3 3
Aviation 1 1 1 1 1 1 1 2
Marine 1 2 2 2 1 1 1 1
(00) 99 100 105 108 104 103 104 111
Aviation 63 63 66 68 70 75 77 84
Marine 35 37 39 40 34 28 27 27
NO, 1,777 1,849 1,923 1,993 1,716 1,459 1,417 1,448
Aviation 152 152 160 162 168 180 186 202
Marine 1,625 1,697 1,764 1,831 1,547 1,278 1,231 1,246
NMVOC 53 54 57 59 52 45 44 46
Aviation 9 9 10 10 10 11 12 13
Marine 43 45 47 49 41 34 33 33

Note: Totals may not sum due to independent rounding. Excludes emissions from military fuel consumption. Includes aircraft cruise altitude

emissions.

sions, the following values, in units of grams of pollutant
per kilogram of fuel consumed (g/kg), were employed: 0.09
for CH,, 0.1 for N,0O, 5.2 for CO, 12.5 for NO,, and 0.78
for NMVOCs. For marine vessels consuming either distil-
late diesel or residual fuel oil the following values, in the
same units, except where noted, were employed: 0.03 for
CH,, 0.08 for N,O, 1.9 for CO, 87 for NO,, and 0.052 ¢/
MJfor NMVOCs.

Activity data on aircraft fuel consumption were col-
lected from two government agencies. Jet fuel consumed
by U.S. flagged air carriersfor internationa flight segments
was supplied by the Bureau of Transportation Statistics

(DOT/BTS 1998). It was assumed that 50 percent of the
fuel used by U.S. flagged carriersfor international flights—
both departing and arriving in the United States—was pur-
chased domestically for flights departing from the United
States. In other words, only one-half of the total annual
fuel consumption estimate was used in the calculations.
Data on jet fuel expenditures by foreign flagged carriers
departing U.S. airports was taken from unpublished data
collected by the Bureau of Economic Analysis (BEA) un-
der the U.S. Department of Commerce (BEA 1998). Ap-
proximate average fuel prices paid by air carriers for air-
craft on internationa flights were taken from DOT/BTS
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(1998) and used to convert the BEA expenditure data to
gallons of fuel consumed. Final jet fuel consumption esti-
mates are presented in Table 2-39.

Activity data on distillate diesel and residual fuel
oil consumption by cargo or passenger carrying marine
vessels departing from U.S. ports were taken from un-
published data collected by the Foreign Trade Division
of the U.S. Department of Commerce’s Bureau of the
Census (DOC 1998). These fuel consumption estimates
are presented in Table 2-36.

Uncertainty

Emission estimates related to the consumption of
international bunker fuels are subject to the same uncer-
tainties as those from domestic aviation and marine mo-
bile source emissions; however, additional uncertainties
result from the difficulty in collecting accurate fuel con-
sumption activity data for international transport activi-
ties separate from domestic transport activities.?® For
example, smaller aircraft on shorter routes often carry
sufficient fuel to complete several flight segments with-
out refueling in order to minimize time spent at the air-
port gate or take advantage of lower fuel prices at par-

ticular airports. This practice, called tankering, when
done oninternational flights, complicatesthe use of fuel
sales data for estimating bunker fuel emissions.
Tankering is less common with the type of large, long-
range aircraft that make many international flights from
the United States, however. Similar practices occur in
the marine shipping industry where fuel costs represent
a significant portion of overall operating costs and fuel
prices vary from port to port, leading to some tankering
from ports with low fuel costs.

Particularly for aviation, the DOT/BTS (1998) in-
ternational flight segment fuel data used for U.S. flagged
carriers does not include smaller air carriers and unfor-
tunately defines flights departing to Canada and some
flights to Mexico as domestic instead of international.
Asfor the BEA (1998) data on foreign flagged carriers,
there is some uncertainty as to the average fuel price,
and to the completeness of the data. It was also not pos-
sible to determine what portion of fuel purchased by
foreign carriers at U.S. airports was actually used on
domestic flight segments; thiserror, however, isbelieved
to be small.?®

Table 2-35: Civil Aviation Jet Fuel Consumption for International Transport (million gallons)

Nationality 1990 1991 1992 1993 1994 1995 1996 1997
U.S. Carriers 1,982 1,970 2,069 2,078 2,155 2,256 2,329 2,482
Foreign Carriers 2,062 2,075 2,185 2,252 2,326 2,549 2,629 2,900
Total 4,043 4,045 4,254 4330 4,482 4,804 4,958 5,382

Note: Totals may not sum due to independent rounding. Excludes military fuel consumption. The density of kerosene-type jet fuel was assumed

to be 3.002 kg/gallon.

Table 2-36: Marine Vessel Distillate and Residual Fuel Consumption for

International Transport (million gallons)

Fuel Type 1990 1991 1992 1993 1994 1995 1996 1997
Residual Fuel Oil 4,761 4,920 5,137 5,354 4,475 3,567 3,504 3,495
Distillate Diesel Fuel & Other 521 600 598 595 561 609 510 573

Note: Excludes military fuel consumption. The density of residual fuel oil and distillate diesel fuel were assumed to be 3.575 and 3.192 kg/

gallon, respectively.

2 See uncertainty discussions under CO, from Fossil Fuel Combustion and Mobile Source Fossil Fuel Combustion.

2 Although foreign flagged air carriers are prevented from providing domestic flight services in the United States, passengers may be collected
from multiple airports before an aircraft actually departs on itsinternational flight segment. Emissionsfrom these earlier domestic flight sesgments

should be classified as domestic, not international, according to the IPCC.
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Although aggregate fuel consumption data has
been used to estimate emissions from aviation, the rec-
ommended method for estimating emissions in the Re-
vised 1996 IPCC Guidelines is to use data by specific
aircraft type (IPCC/UNEP/OECD/IEA 1997). The IPCC
also recommends that cruise altitude emissions be esti-
mated separately using fuel consumption data, while
landing and take-off (LTO) cycle data be used to esti-
mate near-ground level emissions.®® The EPA is devel-
oping revised estimates based on this more detailed ac-
tivity data, and these estimates are to be presented in
future inventories.

Thereis also concern as to the reliability of the ex-
isting DOC (1998) data on marine vessel fuel consump-
tion reported at U.S. customs stations due to the signifi-
cant degree of inter-annual variation. Of note is that fuel
consumption data were not available for the year 1990;
therefore, an average of 1989 and 1991 datawas employed.

No estimates of bunker fuel emissions resulting
from military aviation or marine activities have been
presented here because of a lack of detailed fuel con-
sumption data from the U.S. Department of Defense
(DOD). The DOD is developing their own institutional
greenhouse gas inventory, and therefore, future U.S. in-
ventories are expected to include estimates of military
bunker fuel emissions.

Wood Biomass and
Ethanol Consumption

The combustion of biomass fuels—such as wood,
charcoal, and wood waste—and biomass-based fuels—
such as ethanol from corn and woody crops—generates
carbon dioxide (CO,). However, in the long run the car-
bon dioxide emitted from biomass consumption does
not increase atmospheric carbon dioxide concentrations,
assuming the biogenic carbon emitted is offset by the

uptake of CO, resulting from the growth of new biom-
ass. As aresult, CO, emissions from biomass combus-
tion have been estimated separately from fossil fuel-
based emissions and are not included in the U.S. totals.
Net carbon fluxes from changes in biogenic carbon res-
ervoirsin wooded or crop lands are accounted for under
the Land-Use Change and Forestry sector.

In 1997, CO, emissions due to burning of woody
biomass within the industrial and residential/commer-
cial sectors and by electric utilities were about 57.2
MMTCE (209.8 Tg) (see Table 2-37 and Table 2-38).
As the largest consumer of woody biomass, the indus-
trial sector in 1997 was responsible for 81 percent of the
CO, emissions in from this source. The combined resi-
dential/commercial ! sector was the second | argest emit-
ter, making up 18 percent of total emissions from woody
biomass. The commercial end-use sector and electric
utilities accounted for the remainder.

Since 1990, emissions of CO, from biomass burn-
ing increased by a maximum of 12 percent in 1996, be-
fore falling back to a 3 percent increase in 1997. The
decrease in emissions from 1996 to 1997 was due to a
26 percent decline in woody biomass consumption in
the residential/commercial sector.

Biomass-derived fuel consumption in the United
States consisted mainly of ethanol usein the transporta-
tion sector. Ethanol is primarily produced from corn
grown in the Midwest, and was used mostly in the Mid-
west and South. Pure ethanol can be combusted, or it
can be mixed with gasoline as a supplement or octane-
enhancing agent. The most common mixture isa90 per-
cent gasoline, 10 percent ethanol blend known as gaso-
hol. Ethanol and ethanol blends are often used to fuel
public transport vehicles such as buses, or centrally fu-
eled fleet vehicles. Ethanol and ethanol blends are be-
lieved to burn “ cleaner” than gasoline (i.e., lower in NO,
and hydrocarbon emissions), and have been employed

30|t should be noted that in the EPA’s Draft National Air Pollutant Emissions Trends, 1900 - 1997 (EPA 1998), U.S. aviation emission estimatesfor
CO, NOx, and NMVOCs are based solely upon LTO cycles and consequently only capture near ground-level emissions, which are more relevant
for air quality evaluations. These estimates also include both domestic and international flights. Therefore, estimates given under Mobile Source
Fossil Fuel Combustion overestimate | PCC-defined domestic CO, NO,, and NMVOC emissions by including landing and take-off (LTO) cycles
by aircraft oninternational flights but underestimate because they do not include emissions from aircraft on domestic flight segments at cruising
atitudes. EPA (1998) is also likely to include emissions from ocean-going vessels departing from U.S. ports on international voyages.

31 For this emissions source, data are not disaggregated into residential and commercial sectors.
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Table 2-37: CO, Emissions from Wood Consumption by End-Use Sector (MMTCE)

End-Use Sector 1990 1991 1992 1993 1994 1995 1996 1997
Electric Utility 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4
Industrial 42.4 42.3 44.5 45.4 46.6 45.4 48.0 46.4
Residential/Commercial 12.7 13.4 14.1 12.9 12.7 14.0 14.0 10.4
Total 55.6 56.2 59.0 58.8 59.7 59.7 62.4 57.2
Note: Totals may not sum due to independent rounding.
Table 2-38: CO, Emissions from Wood Consumption by End-Use Sector (Tg)

End-Use Sector 1990 1991 1992 1993 1994 1995 1996 1997
Electric Utility 1.7 1.7 1.7 1.6 1.6 1.4 1.6 1.5
Industrial 155.6  155.2 163.2 166.5 170.9 166.5 1758 170.3
Residential/Commercial 46.4 49.0 51.5 47.3 46.5 51.2 51.4 38.0
Total 203.8 2059 216.5 2154 219.0 219.1 228.8 209.8

Note: Totals may not sum due to independent rounding.

in urban areas with poor air quality. However, because
ethanol isahydrocarbon fuel, its combustion emits CO,,.

In 1997, the United States consumed an estimated
97 trillion Btus of ethanol (1.3 billion gallons). Emis-
sions of CO, in 1997 due to ethanol fuel burning were
estimated to be approximately 1.8 MMTCE (6.7 Tg) (see
Table 2-39). Between 1990 and 1991, emissions of CO,
due to ethanol fuel consumption fell by 21 percent. Af-
ter this decline, emissions from ethanol steadily in-
creased through 1997, except for asharp declinein 1996.

Ethanol production dropped sharply in the middle
of 1996 because of short corn supplies and high prices.
Plant output began to increase toward the end of the
growing season, reaching close to normal levels at the
end of the year. However, total 1996 ethanol production

Table 2-39: CO, Emissions from
Ethanol Consumption

Year MMTCE Tg
1990 1.6 5.7
1991 1.2 4.5
1992 1.5 5.8
1993 1.7 6.1
1994 1.8 6.7
1995 2.0 7.2
1996 1.4 5.1
1997 1.8 6.7

fell far short of the 1995 level (EIA 1997). Production
in 1997 returned to normal historic levels.

Methodology

Woody biomass emissions were estimated by
converting U.S. consumption datain energy units(17.2
million Btu per short ton) to megagrams (Mg) of dry
matter using EIA assumptions. Once consumption data
for each sector were converted to megagrams of dry
matter, the carbon content of the dry fuel was estimated
based on default values of 45 to 50 percent carbon in
dry biomass. The amount of carbon released from com-
bustion was estimated using 87 percent for the fraction
oxidized (i.e., combustion efficiency). Ethanol con-
sumption datain energy units were also multiplied by
a carbon coefficient (18.96 mg C/Btu) to produce car-
bon emission estimates.

Data Sources

Woody biomass consumption datawere provided
by EIA (1998) (see Table 2-40). The factor for convert-
ing energy units to mass was supplied by EIA (1994).
Carbon content and combustion efficiency values were
taken from the Revised 1996 IPCC Guidelines (IPCC/
UNEP/OECD/IEA 1997).
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Table 2-40: Woody Biomass Consumption Emissionsfrom ethanol were estimated using con-
by Sector (Trillion Btu) sumption data from EIA (1998) (see Table 2-41). The

Residential/ Electric carbon coefficient used was provided by OTA (1991).
Year Industrial ~ Commercial Utility
1990 1,948 581 21 Uncertainty
igg; ;’gjg 24112 g; The combustion efficiency factor used is believed
1993 2:084 592 20 to under estimate the efficiency of wood combustion pro-
1994 2,138 582 20 cesses in the United States. The IPCC emission factor
1995 2,084 641 17 .
1996 2200 644 20 has beeh used because b_etter dr?\téare not yet ayaﬂable.
1997 2,132 475 19 Increasing the combustion efficiency would increase

emission estimates. |n addition, according to EIA (1994)
commercial wood energy use is typically not reported
because there are no accurate data sources to provide

Table 2-41: Ethanol Consumption

Year Trillion Btu reliable estimates. Emission estimates from ethanol pro-
1990 82 duction are more certain than estimates from woody bio-
igg; gg mass consumption due to better activity data collection
1993 88 methods and uniform combustion techniques.

1994 97

1995 104

1996 74
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